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FLAVORS  OF  MILK 


A  ifeview  of  literature 
De  R«  Strobelj,       G«  Bryan^  and  C©  J»  Babcock 

INT'K)DI3CTI0N 


Off -flavor  in  milk  is  one  of  the  major  problems  of  the  dairy  industry » 
Innumerable  experiments  have  been  made^  research  reports  have  been  published^ 
and  lectures  and  talks  have  been  delivered  on  causes  and  correction  but  off-- 
flavored  milk  remains  an  active  subjecto    The  pr^D grams  of  almost  every  dairy 
meeting  and  nearly  every  issue  of  the  dairy  journals  contribute  actiitional 
material  on  the  subjects 

An  individual  endeavoring  to  make  a  study  of  off -flavors  in  milk 
finds  himself  confronted  with  an  apparently  insurmountable  maze  of  references e 
These  references  include  articles  based  on  experimentation,  and  articles 
based  on  personal  opinions  or  secondhand  informationo    The  purpose  of  this 
review  is  to  bring  together  brief  summaries  of  the  principal  findings  of  more 
than  300  research  reports  and  to  provide  a  convenient  reference  to  the  articles 
based  on  experimentation  on  the  flavor  of  milks 

Research  work  on  flavors  in  manufactured  products  is  not  included  in 
this  report  and  research  on  individual  milk  components  is  included  only  when 
such  research  constructively  adds  to  the  'general  history  of  the  subjecto 
Although  this  publication  is  designed  to  establish  a  basis  for  an  appraisal 
of  the  results  of  research  to  determine  how  much  is  known  and  what  additional 
research  is  needed  in  this  field,  the  review  is  confined  primarily  to  a  record- 
ing of  existing  research  data  and  conclusions,  including  conflicting  views <» 

This  review  is  arranged  under  ten  main  headingSo     Ihe  first  nine  head- 
ings deal  with  the  principally  recognized  off- flavors  in  milk  and  the  tenth 
heading  deals  with  miscellaneous  off -flavors  of  milko    Feed  flavor  is  reviewed 
first  because  it  is  the  earliest  recorded  flavor  defecto    Weed  flavor  is  second 
because  it  is  closely  associated  with  feedo    The  remaining  off-flavors  are 
reviewed  in  the  order  of  their  importance  or  association  with  each  othero  The 
results  of  the  research  under  individual  headings  are  presented  in  chronolog= 
ical  order  to  show  the  development  of  findings  in  regard  to  each  flavor  factoro 

lo-FEED  FLAVORS 

One  of  the  earliest  recorded  references yto  off -flavors  in  milk  deals 
with  a  feed  flavor o    In  1757,  Bradley  (22)  reported  as  stating  that, 

near  London,  in  the  autumn  it  was  customary  to  feed  the  cows  with  turnips— 
both  fresh  leaves  and  roots— and  that  the  milk  from  these  cows  had  a  bitter 


1/    liiderscored  numbers  in  parentheses  refer  to  Literature  Cited,  p*  71o 
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flavor.     It  was  suggested  that  the  inilk  would  not  be  bitter  if  the  leaves  were  cut 
from  the  roots  and  held  2  or  3  days  before  feeding. 

At  the  present  time,  nearly  200  years  after  the  statements  by  Bradley  (37) 
were  reported  feed  still  continues  to  be  one  of  the  main  contributing  factors  toward 
off-flavored  milk. 

Alfalfa 

In  1922,  Gamble  and  Kelly  (9^)  found  that  the  feeding  of  5  pounds  of  alfalfa 
silage  per  cow  1  hour  before  milking  imparted  a  slight  feed  flavor  to  the  milko  As 
the  qiiantity  fed  was  increased,  the  flavor  defect  increased  in  intensity  until  at  a 
ration  of  20  pounds  the  flavor  of  the  milk  was  described  as  an  "alfalfa  silage" 
flavor.     Aeration  of  the  milk  reduced  the  "slight"  feed  flavor  and  odor  to  "very 
faint,"    Aeration  did  not  reduce  strong  off -flavor  or  odor  to  the  point  of  acceptance 
of  the  milke    Feeding  10  pounds  of  alfalfa  silage  once  daily  1  hour  after  milking 
produced  a  noticeable  alfalfa-silage  flavor  in  the  milk.    A  ration  of  15  to  20  pounds 
produced  a  decided  feed  flavor  and  odor.    Aeration  of  the  milk  decidedly  reduced  the 
off  "flavor.     The  experimental  v;ork  indicated  that  alfalfa  silage  should  be  fed  only 
after  milking  and  that  the  milk  should  be  aerated  vjhile  still  warm« 

Babcock  (iS)  reported,  in  1923?  that  the  feeding  of  green  alfalfa  to  dairy  cows 
at  the  rate  of  30  pounds  per  cow  1  hour  before  milking  produced  very  pronounced  off- 
flavors  and  odors  in  the  milk^     When  the  quantity  fed  was  decreased  to  15  pounds,  the 
off-flavors  and  odors  were  still  present  to  an  objectionable  degree.    He  found  it 
advisable  to  feed  green  alfalfa  after  milking  and,  vihen  using  alfalfa  pasture,  to 
remove  the  cows  from  the  pasture  4-  or  5  houi^s  before  milkinge    Proper  aeration  of 
the  milk  reduced  the  strong  off-flavors  and  odors  caused  by  feeding  green  alfalfa. 

In  1932,  Roadhouse  and  Henderson  (250 )  found  that  feed  flavor  appeared  in 
the  milk  20  minutes  after  the  ingestion  of  alfalfa  juice  used  as  a  drench^  The 
most  pronounced  feed  flavor  was  present  in  the  milk  drawn  45  to  60  minutes  after 
drenching,     l^/hen  green  or  dry  alfalfa  yas  fed  to  cows,  the  most  prominent  feed 
flavor  \ms  observed  in  the  milk  2  hours  after  feedings 

Weaver  et  al,    (208)  reported,  in  1935?  that  alfalfa  hay  fed  less  than  4. 
hours  before  milking  had  a  pronounced  effect  on  milk  flavor.     Tlae  effect  v;as  observed 
when  the  inte'rval  between  feeding  and  milking  was  only  -|-  hour*    A  2-hour  interval 
caused  the  most  serious  off -flavor  in  the  milk,     lA/hen  alfalfa  hay  was  fed  4  hours 
before  milking,  the  flavor  was  entirely  eliminated  in  the  milk  produced  b;^  som_e 
cows  and  scarcely  discernible  in  the  milk  produced  by  other  cows.     The  intensity  of 
flavor  increased  as  the  araount  of  alfalfa  hay  fed  was  increased.     The  effect  was  found 
to  be  less  serious  X7ith  Holstein  cows  than  vjith  Jersey  cows.     ^Aeration  of  the  milk 
removed  some  of  the  off-flavor.    Cooling  the  milk  was  ineffective  in  removing  the 
off-flavor.    It  v/as  recomjaended  that  alfalfa  be  fed  after  milking  or  at  siofficient 
intervals  before  milking^ 

In  1935?  Roadhouse  and  Henderson  (25l)  found  that  full  rations  of  alfalfa 
hay  and  green  alfalfa  fed  1  to  2  hours  before  milking  produced  strong,  undesirable 
feed  flavors  and  odors  in  the  milke    As  the  intervals  between  feeding  and  milking 
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increased,  the  intensity  of  the  feed  flavors  decreased.     A  5-hour  interval  be- 
U'jeen  feeding  and  milking  eliminated  the  off -flavor  in  the  milk.     A  distinct 
and  undesirable  feed  flavor  resulted  from  feeding  5  pounds  o"  alfalfa  hay  and  10 
pounds  of  green  alfalfa,  1  to  2  hours  before  milking.     Similar  results  were  re- 
ported in  1937  (252). 

Anderson  (6)  reported,  in  1936,  that  increasing  the  ration  of  alfalfa 
hay  from  10  to  15  pounds  with  a  corresponding  reduction  in  corn  silage  eliminated 
the  development  of  rancidity  in  milk.     He  referred  to  an  experiment  showing 
that  machine-cured  alfalfa  hay  contained  a  factor  necessary  for  production  of 
milk  of  good  flavor, 

Roadhouse  (2^8 ) ,  in  1937,  concluded  from  a  study  that  10  pounds  of  alfalfa 
hay  or  25  pounds  of  green  cut  alfalfa  vx)uld  give  a  distinct  feed  flavor  to  mdlk 
ljut  that  the  off-flavor  was  most  prominent  when  the  feed  v/as  placed  before  the 
cow  2  hours  before  milking. 

Tne  effect  of  grazing  cows  on  an  alf alf a-brom.egrass  r:)asture  x^^as  reported, 
in  194-0,  by  lYout  et  al.   (302)  as  a  so-called  soda,  alkaline  off -flavor  in  the 
milk,     Tlie  intense  off-flavor         found  when  co\7s  were  g-razing  heavily  and  being 
milked  three  tim.es  daily.    It  was  found  that  alfalfa  contributed  more  to  the  off- 
flavor  than  did  the  brome grass.     .^/hen  the  cows  were  kept  off  the  ^^astur;:-  7  hours 
prior  to  m.ilking  no  feed  flavors  were  noticeable  in  the  milk, 

MacCurdy  and  Ti-out  (197)  reported,  in  194-0,  that  feed  flavors  were  noted 
in  the  milk  when  0./>  pound  of  alfalfa  silage  per  pound  of  milk  produced  was  fed 
to  cows  1  hour  before  milking.     Alfalfa  flavor  in  rdlk  was  lessened  in  intensity 
by  ^ a 3 i euri zation . 

Nelson  (212.),  1944 >  found  that  when  alfalfa  hay  was  fed  a  short  time 
before  milking,  the  milk  genirally  had  a  flavor  typical  of  that  called  "barny" 
by  milk  judges.  The  odor  of  the  milk  was  also  not  unlike  that  of  the  interior 
of  an  unclean,  Doorly  ventilated  cow  bam. 

Barley 

In  1929?  tlie  Bureau  of  Dairy  Industry  (lO)  reported  experiments  with 
barley  i-.:"'ected  vrio'    ncab  (Gibberella  saubinettii) ,     It  was  found  that  v/hen 
the  grain  ratic:,i  fad  to  dairy  cows  either  before  or  after  milking  '..;as  57-per- 
cent barley  infected  v.dth  G.  saubinettii,  it  did  not  affect  either  the  flavor 
or  odor  of  the  milk  produced. 

Green  barley,  in  quantities  required  for  satisfactory  nutrition  and  as 
the  sole  source  of  roughage,  fed  to  cows  2  hours  before  milking  was  reported, 
in  1935,  by  i^adhouse  and  HendoT-son  (251)  ,  to  im.part  an  undesirable  feed  fla- 
vor to  the  md.lk.     These  authors  clso  found  that  rolled  barlay  fed  alone  in 
5--pound  quantities  or  more,  1  to  2  hours  before  milking,  produced  either  a 
detectable  flavor  or  off -flavor  in  the  milk.     Ibv/ever,  it  was  believed  that 
those  flavors  world  not  bo  noticed,  in  cold  milk,  by  the  average  consumer. 

Beet 

V/ing  and  Anderson  (324-)  reported,  in  1900,  that  there  was  no  notice- 
able foreign  odor  or  flavor  in  the  milk  from  cows  eating  beet  pulpo 
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In  1912,  Heece  [213)  reported  the  results  of  feeding  sngar  beet  slices  to  cows 
at  fonr  agricultural  colleges  in  i]ngland.     It  i^jas  found  that  the  milk  showed  no  un- 
coLirion  fla-vor  of  any  kind  while  the  slices  were  being  fedo 

Babcook  (19)  reported^  in  1927?  that  dried  beat  pulp  soaked  and  fed  to  co^^rs 
one  hour  before  milking^  in  quantities  up  to  30  pounds  produced  only  a  slightly  ab- 
normal flavor  and  odor  in  the  milko    VJhen  fed  in  similar  quantities  immediately 
after  milking  the  beet  pulp  had  no  effect  on  the  flavor  or  odor  of  the  milk*    He  also 
reported  that  sugar  beets  fed  to  cows?  either  before  or  after  milking,  in  quanti- 
ties up  to  30  pounds  had  no  effect  on  either  the  flavor  or  odor  of  the  milke 

Dried  molassed  beet  pulp  gave  rise  to  a  taint  in  milk  according  to  Cranfield 
and  Mackintosh  (^^.  in  1935e    In  pronounced  cases,  the  off-flavor  was  described  as 
'^fishy"  and  in  mild  cases  as  "musty"  or  "egg-like."    If  the  pulp  were  fed  midway 
betv/een  milkings  -chore  was  more  likelihood  of  taint  than  if  it  were  fed  just  before 
or  during  milking.    Nine  pounds  ^er  head  in  two  feedings  was  found  to  be  the  maximum 
that  could  be  fed  without  prodrcing  an  off-flavor  in  the  milk«     It  v/as  noted  that 
certain  cows  were  more  likely  to  produce  tainted  milk  than  other  cows;  that  some  types 
of  dried  beet  pu3.p  were  more  likely  to  produce  tainted  milk  than  other  types;  and 
that  the  off -flavor  was  more  easily  detected  in  heated  milk  than  in  non-heated  milko 
The  "firshy"  flavor  appoG,red  after  the  milk  had  been  kept  a  few  hours* 

Roadhouse  and  Henderson  (251 ) %  in  1935 ?  found  that  dried  beet  pulp  when  fed 
1  to  2  hours  before  rmMking,  in  quantities  used  by  the  average  commercial  dairyman, 
did  not  give  milk  sufficient  flavor  to  make  it  undesirable  to  the  average  consumer^ 
However,  when  fed  in  5~pound  quantities  or  more,  1  to  2  hours  before  milking,  the  beet 
pulp  imparted  either  a  detectable  flavor  or  af ter-fla-^/or  to  the  milko 

In  1935,  Trout  and  Taylor  (206)  reported  results  of  a  study  of  1,700  samples 
of  milk  produced  by  cows  fed  beet  tops*    Intense  beet  top  flavors  were  noted  in 
the  milk  on]_y  when  abnormal  quantities  (at  least  25  pounds  per  day)  of  beet  tops  were 
fed;  when  the  tops  were  of  poor  qualit^^;  or  when  frozen  tops  were  stored  in  a  poorly 
ventilated  stable  adjacent  to  the  milking  herd^     Aeration  of  the  milk  appeared  to  render 
the  beet  top  flavor  less  objectionable  but  did  not  eliminate  it  entirely^  Pasteuriza- 
tion changed  the  flavor  so  that  it  could  not  be  criticized  as  beet  top  flavor  but  such 
milk  could  not  be  classified  as  good  in  flavor o 

In  1936,  Davies  (72)  found  that  to  decrease  the  possibility  of  a  sporadic 
occurrence  of  a  fishy  off-f la-^/or,  molassed  beet  pulp  should  not  be  fed  in  a  quantity 
exceeding  9  pounds  per  cow  per  day,  and  that  this  quantity  should  be  divided  into 
two  equal  i4"'a"  pound  feedings  and  be  fed  at  the  time  of  milking*     The  equivalent  of 
this  quantity  of  beet  pulp  in  beet  tops  would  be  roughly  60  pounds. 

Cabbage 

Babcock  (gO)  found,  in  1924,  that  when  cows  consume  an  average  of  1U^3  pounds 
of  cabbage  1  hour  before  milking,  objectionable  abnormal  flavors  and  odors  were  pro- 
duced in  the  milk,,    An  increase  in  the  quantity  of  cabbage  consumed  from  14-o3  po'onds 
to  24  pounds  increased  to  a  marked  degree  the  intensity  of  the  off -flavor  in  the  milk« 
He  found  that  an  average  of  25  pounds  could  be  consumed  imi'aediately  after  milking 
without  resulting  in  off-flavors  in  the  milk  produced  at  the  next  milking.  Proper 
aeration  reduced  strong  off-flavors,  and  eliminated  slight  off-flavorSo 
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Carrots 

In  1927,  Babcock,  (12.)  reported  that  carrots  in  quantities  up  to  30  Toounds 
fed  to  cows  1  hour  before  milking  had  only  a  slight  effect  on  either  the  fla^Tor 
or  odor  of  the  nilkc 

Citrus  Frodiicts 

In  1941,  Garrett  et  al^   (102)  found  that  beet  pulp  and  citrus  pulp  are 
about  equal  in  their  effects  on  the  flavor  of  nilk  with  the  exception  that  a 
bitter  flavor  frequently  appeared  in  the  nilk  vhen  cows  were  being  fed  citrus 
pulp  • 

In  1951 J  Tarassulc  and  .-ioadhouse  (281 )  reported  that  dried  citrus  pulp 
(lenon  and  g-rapefmit  pulp)  and  Iried  orange  pulp  when  fed  in  quantities  up  to  U 
poujids  per  cow  1  to  1-g-  hours  before  nilking  did  not  imoart  an  objectionable 
flavor  to  the  iTiilk,    Feeding  5  'pounds  or  nore  of  dried  orange  palp  1  to  1-|-  hours 
before  milking  did  impart  an  undesirable  feed  flavor  to  the  nilkr. 

Clover 

In  1922,  it  was  reported  (11,)  that  ::iilk  was  returned  by  an  Ontario  milk 
plant  because  of  a  high  acidity  and  sweet  nauseating  flavor^    This  off-flavor 
was  reported  as  being  caused  by  pasti:iring  the  cows  on  sweetclover  freely  during 
the  suin:i3r.     It  was  found  that  less  trouble  was  exoerienced  by  dairj^nen  who  fed 
sweetclover  pasture  until  ncjon  and  in  the  afternoon  fed  another  tjoDe  of  pasturage, 
supplenented  by  sone  grain, 

Geiiible  and  F.elly  (96),  in  1922,  found  that  the  feeding  of  5  oounds  of  sweet- 
clover silage  per  cow  1  hour  before  milking  inoarted  a  detectable  feed  flavor 
and  odor  to  the  nilk.     VJhen  the  quantity  of  sv;eetclover  silage  increased 
to  15  pounds  the  feed  flavor  ajid  odor  of  tne  r.ilk  became  very  objectionable* 
V/lien  fed  after  milking,  15  oounds  of  the  sv/eetclover  silage  tainted  the  milk 
produced  at  the  next  nilking  sufficiently  to  be  noted  by  the  average  consumerc 
^-eration  of  the  railk  diminished  the  off-fla-^/or^    Results  of  tests  showed  that 
sweetclover  silage  should  be  fed  after  milking  and  the  warm  nilk  should  be 
aerated s 

In  1935,  rbadhouse  and  Henderson  (25l)  found  that  a  full  ration  of  clover 
hay  fed  1  to  2  hours  before  milking  produced  a  strong,  undesirable  feed  flavor  ■ 
and  odor  in  the  milk.-    When  the  clover  hey  -ras  withheld  during  the  5'-hour 
interval  before  milking,  objectionable  feed  flavors  and  odors  were  eliminated,. 

loosli  et  al,  (195) .  in  1950,  reported  that  milk  of  poor  keeping  qualities 
resulted  during  ladiro  clover  feeding  and  that  the  clover  appeared  to  be  corre- 
lated with  a  lov;  content  of  tocophai'cl  in  the  milk  fat. 

Sheuring,  et  al,    (271 )  reported  in  1952  that  flavor  scores  showed  no 
clover  flavor  to  be  present  in  the  milk  produced  by  cows  grazing  on  a  winter 
pasture  of  ladino  clover,  fescue,  and  orch.:rd  grass  up  to  2  liours  previous  to 
milking. 
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Coconut 

In  1935 >  Roadhouse  and  Henderson  (251)  reported  that  coconut  meal  fed  1  to  2 
hours  before  milking,  in  quantities  used  by  the  average  commercial  dairyman,  did  not 
produce  sufficient  feed  flavor  to  make  the  milk  undesirable. 

Corn 

In  1897,  King  (177)  demonstrated  that  when  corn  silage  was  fed  a  short  time 
before  milking,  a  sweetish  odor  v/as  imparted  to  the  milke    It  was  further  demon- 
strated that  when  the  silage  was  fed  to  cows  just  after  milking,  in  the  majority  of 
cases,  milks  so  produced  could  not  be  separated  by  the  sense  of  smell  from  nonsilage 
milks.    It  was  determined  that  silage  odors  enter  milk  more  rapidly  through  the  cow 
than  by  absorption  from  the  air, 

Khisely  (178)  found  in  1903  that  samples  of  milk  from  silage-fed  cows  had  a 
more  pronounced  odor  than  samples  coming  from  hay-fed  cows.  However,  the  odor  was 
not  disagreeable • 

Fraser  (92.)  ^  in  1905,  reported  on  372  comparisons  of  milk  from  silage-fed 
cows  and  nonsilage-f ed  cows.    Of  the  372  comparisons,  60  percent  of  those  tasting 
the  milk  favored  the  milk  from  silage-fed  cows,  29  percent  favored  the  milk  from 
nonsilage-f ed  cows,  and  11  percent  indicated  no  preference.    It  was  concluded  that 
silage  of  good  quality,  when  used  in  reasonable  quantities  with  other  feed,  was  one 
of  the  best  feeds  obtainable  for  dairy  cows  when  pasture  was  not  available.  Bad 
or  disagreeable  flavor  in  the  milk  from  cows  fed  silage  was  invariably  caused  by  the 
improper  feeding  of  the  silage  or  by  using  spoiled  silage.     It  was  determined  that 
all  feeds  of  this  nature  should  be  fed  after,  and  not  before,  milking. 

In  1922,  Garable  and  Kelly  {%)  found  that  the  flavor  and  odor  of  silage 
was  largely  imparted  to  milk  through  the  body  of  the  cow;  that  silage-tainted  air  may 
have  some  effect  but  it  is  relatively  small  even  under  extreme  conditions;  and  that 
i:^ilage  fed  1  hour  before  milking  yas  so  quickly  absorbed  that  its  taint  was  discern- 
ible in  the  milk.    It  was  recommended  that  silage  be  fed  immediately  after  milking. 
A  quantity  not  exceeding  15  to  25  pounds  of  corn  silage  fed  twice  daily  after  milk-  - 
ing  was  found  to  be  the  maximum  that  could  be  fed  mthout  imparting  a  discernible 
flavor  and  odor  to  the  milk  of  cows  of  the  productive  capacity  used  in  the  experiment, 
iioration  of  the  warm  milk  permanently  removed  slight  off -flavor  and  reduced  in  degree 
more  pronounced  silage  flavor  and  odor  in  the  milko 

In  1923,  Babcock  (18)  reported  that  feeding  green  corn,  1  hour  before  milk- 
ing, at  the  rate  of  25  pounds  proved  to  have  but  slight  effect  on  either  the  flavor 
or  odor  of  milk.  The  same  quantity  of  green  corn  fed  imraediately  after  milking 
affected  neither  the  flavor  nor  the  odor  of  the  milk, 

Roadhouse  and  Henderson  (251 )  reported,  in  1935,  that  a  full  ration  of  corn 
silage  fed  1  to  2  hours  before  milking  produced  strong,  undesirable  feed  flavors 
and  odors  in  the  milki    Mien  the  feed  was  withheld  during  the  5-bour  interval  be- 
tween milkings,  objectionable  feed  flavor  and  odor  were  eliminated « 
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In  1936,  Anderson  (6)  reported  that  increasing  the  ration  of  alfalfa  hay 
from  10  to  15  pocnds  with  a  corresponding  reduction  in  corn  silage  eliminated 
the  development  of  rancidity  in  the  milko 

In  1936^  Roadhouse  and  Henderson  (253)  recommended  that  when  an  average 
of  5  pounds  of  corn  silage  is  to  be  fed,  consideration  should  he  given  to  feed- 
ing it  after  milkingo    If  a  ration  of  15  to  20  pounds  is  to  be  fed,  it  is  always 
best  to  feed  the  silage  after  milkingo    These  authors  (252)  reported  in  1937 
that  an  average  of  18^9  pounds  of  corn  silage  per  cow,  fed  previous  to  milking, 
caused  It  distinct  and  undesirable  feed  flavor  in  the  milko  .  Aft  average  of  14.o2 
pounds  per  cow  was  l-ess  detrimental  to  the  flavor  of  the  miik'but  was  considered 
objectionable o 

Brueckner  {l^  ^±n  1939,  stated  that  on  numerous  occasions  hcn  had  placed 
good-flavored  milk  in  a  silo  overnight;  added  com  silage  to  good-flavored  milk; 
and  obtained  milk  from  a  cow  which  had  been  fed  corn  silag^  .previous  to  milking* 
The  milk  which  had  silage  added  and  the  milk  from  the  cow  f §d  silage  had  a  dis- 
tinct silage  odor  and  flavor o    The  good-flavored  milk  which  was  placed  in  the  silo 
remained  good  flavored. 

In  1940,  MacCurdy  and  Trout  (197)  reported  that  feed  flavors  were  noted 
in  milk  when  0^79  pound  of  com  silage  per  pound  of  milk  produced  was  fed  to  the 
cows  1  hour  before  milkingo    Vacuum  holder  pasteurization  and  forced  aeration 
holder  pasteurization  were  superior  to  unaerated  or  aerated  (by  stirring)  holder 
pasteurization  in  removing  the  off -flavor  from  the  milko    These  processes  were 
also  superior  to  flash  pasteurizationo 

Cottonseed 

Cottonseed  meal  fed  1  to  2  hours  before  milking,  in  normal  quantities, 
was  found  by  Roadhouse  and  Henderson  (2^)  in  1935,  to  produce  a  milk  that  was 
not  undesirable  in  flavor© 

CovTpeas 

Babcock  (21),  in  1925,  reported  that  when  cows  consumed  an  average  tt  l/^nJ 
pounds  (out  of  15  pounds  fed)  of  green  cowpeas,  1  hour  before  milking,  only 
slight  abnormal  flavors  and  odors  were  produced  in  the  milk. 

In  1927,  Babcock  (l£)  found  that  green  peas  and  oats  fed  to  cows  1  hour 
before  milij;ing,  in  quantities  up  to  30  pounds,  produced  only  a  very  slightly 
abnormal  flavor  and  odor  in  the  milk©    When  fed  after  milking,  there  was  no  effect 
on  either  the  flavor  or  odor  of  the  milko 

Distillery's  Grain 

In  1904.,  Ilndsey  (124)  reported  that  the  flavor  and  keeping  quality 
of  the  milk  appeared  in  no  way  to  be  affected  when  distiller ^s  grain  constituted 
one-half  of  the  daily  grain  ratio n* 
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Foxtail 

Roadhouse  and  Hsnderson  (2gl)  found,  in  1935?  that  when  foxtail  was  fed  to 
cows  2  hours  before  milking,  in  quantities  required  for  satisfactory  nutrition  and  as 
the  sole  source  of  roughage,  undesirable  feed  flavor  was  imparted  to  the  milk.  Cows 
being  grazed  on  foxtail  should  be  removed  from  the  pasture  at  least  5  hours  before 
milk. 

Grass 

In  1936,  Boadhouse  and  Henderson  (253)  reported  that  x^fhen  cows  have  free 
access  to  Sudan  grass  pasture,  they  may  be  left  on  the  pasture  until  just  before  railk- 
ing  \-jithout  influencing  the  flavor  of  the  milk  sufficiently  to  be  objectionable. 
Tliese  authors  (^5?) reported  similar  resiilts  in  1937# 

Garrett  et  al.   (10^)  reported,  in  1937,  that  a  roughage  ration  which  contained 
a  high  proportion  of  good  quality  molasses  grass  silage  i^as  superior  to  com  silage 
in  its  ability  to  produce  milk  of  high  color  and  better  flavor.    Garrett  (97,  9§  I 
reported  similar  results  after  additional  experimentation  in  1938  and  1939. 

l-Jhen  cows  were  changed  from  a  roughage  diet  of  molasses  alfalfa  silage  to 
spring  pasture,  Bartlett  (34-)  found,  in  194-0,  that  there  was  a  drop  in  the  flavor 
quality  of  the  milk  due  to  the  presence  of  grassy  flavor.     He  recommended  winter 
f  eeding  of  all  the  grass  or  legume  silage  the  cows  would  eat  to  prodLice  a  milk  of 
nigh  color  and  good  flavor. 

Garrett  and  Bender  (103)  reported,  in  194-0,  that  the  milks  produced  by  cows 
on  molasses  grass  silage  were  of  better  initial  flavor,  held  their  good  flavors  in 
storage  better,  and  withstood  the  destructive  effects  of  soluble  copper  better  than 
did  the  milks  produced  by  cov;s  on  either  corn  silage  or  beet  pulp. 

Kale 

Babcock  (l9)  found, in  1927,  that  green  kale  fed  to  cows  1  hour  before  milking, 
in  quantities  up  to  30  pounds,  produced  a  very  abnormal  flavor  and  odor  in  the  milk. 
When  fed  immediately  after  milking,  green  kale  had  practically  no  effect  on  either  the 
flavor  or  odor  of  the  milke 

Oats 

In  1927,  Babcock  (l9)  reported  that  green  oats  and  peas  fed  to  cows  1  hour 
before  milking,  in  quantities  up  to  30  pounds,  produced  only  a  verj  slightly  ab- 
normal flavor  and  odor  in  the  milk.    I^Jhen  fed  after  milking,  green  oats  and  peas 
had  no  effect  on  either  the  flavor  or  odor  of  the  milko 

Roadhouse  and  Henderson  (251 )  found,  in  1935 ?  that  yild  oats  fed  to  cows  2 
hours  before  mdlking  im.parted  undesirable  feed  flavors  to  the  railk  when  fed  as  the 
pole  roughage  and  in  sufficient  quantity  for  satisfactory  nutrition* 


Potatoes 


Babcock  (20 ),  in  1924,  found  that  vhen  cows  cons-ume  an  average  of  14.«S 
pounds  of  potatoes  1  hour  before  milking 5  slightly  abnorraal  flavors  and  odors 
may  be  produced  in  the  milk.    The  off -flavors  and  odors  are  very  slight,  howeve 
and  \-X)uld  seldom  be  perceived  by  the  average  consumer  of  the  milk*    An  increase 
in  the  quantity  of  potatoes  consumed  1  hour  before  milking  to  29.3  pounds  did 
not  increase  the  abnormal  flavors  and  odors  produced  in  the  milk*    1-Jhen  an  aver 
age  of  28.7  pounds  of  potatoes  was  consumed  immediately  after  milking  no  effect 
was  produced  on  the  flavor  or  odor  of  the  milko 

Prickl:^T3ear 

In  1915 f  I'fooduard  et  al.   (32?)  reported  thi.t  the  feeding  of  pricklj^ear 
had  no  appreciable  effect  on  the  flavor  or  keeping  quality  of  the  milk.  Accord 
ing  to  the  authors,  experiments  were  conducted  for  periods  long  enough  to  show 
conclusively  that  pricklypear  x^/as  a  good  and  palatable  feed  for  dairj?-  cows. 

Pumpkin 

Babcock  (19)  *  in  1927,  found  that  pumpkins  fed  to  cows,  either  before 
or  after  milking,  in  quantities  iip  to  30  pounds  had  practically  no  effect  on 
either  the  flavor  or  odor  of  the  milko 

Rape 

In  1927,  Babcock  (19)  reported  that  rape  fed  to  cows  1  hour  before  milk- 
ing, in  quantities  up  to  30  pounds,  produced  a  decidedl7/  abnormal  flavor  and 
odor  in  the  milk.    When  fed  immediately  after  milking,  rape  had  practically 
no  effect  on  either  the  flavor  or  odor  of  the  milk. 

Babcock  (21),  in  192$,  found  that  when  dairy  cows  convsumed  15  pounds  of 
green  rye,  1  hour  before  milking,  only  slight  abnomal  flavors  and  odors  v/ere 
produced  in  the  milk.     An  increase  in  the  quantity  of  green  rye  consumed  1  hour 
before  railking,  from  1$  to  30  pounds,  inc'-^eased  to  a  slight  extent  the  abnormal 
flavors  and  odors  in  the  milko    However,  the  slight  off-flavors  and  odors  were 
not  likely  to  be  objectionableo     Tlie  foBding  of  30  pounds  of  green  rye  immedi- 
ately after  milking  had  practically  no  effect  on  the  milk  produced  at  the  next 
milking. 

In  1944,  Trout  and  Harwood  (30l)  observed  that  Balbo-rye  pasture  did  not 
have  the  adverse  effect  on  the  odor  of  milk  as  did  comraon  rye.     The  offensive 
odor  characteristic  of  milk  from  cows  pastured  on  common  rye  at  certain  growth 
stages,  variously  described  as  neutralizer,  soapy,  or  even  fishy,  was  not  noted 
in  milk  from  cows  pastured  on  Balbo-rye,     Tie  off-odor  in  milk  caused  by  pastur- 
ing Balbo-rye  may  be  described  as  slightly  grassy  and  resembling  somewhat  the 
off-flavors  in  the  milk  from  cows  milked  soon  after  removal  from  bluegrass 
pasture . 
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'  Saf flower 

In  1929,  the  Bureau  of  Dairy  Industry  (lO)  reported  on  studies  made  to  determine 
the  effect  of  safflower  oil  meal  on  the  flavor  and  odor  of  milk.     The  studies  showed 
that  the  grain  ration  fed  to  dairy  cows  either  before  or  after  milking  might  consist 
of  33-1/3  percent  of  safflower  oil  meal  mthout  affecting  either  the  flavor  or  odor 
of  the  milka    lk>  abnormal  flavors  Xr/hich  could  be  attributed  to  safflower  oil  meal 
developed  during  the  aging  of  the  milk  for  5  days  at  5° 

Soybean 

Well  and  Humphrey  (325)  reported  in  1904  that  soybean  silage  imparted  a  pronounce 
flavor  to  the  milk.    The  silage  was  fed  after  milking;  one  cows  were  kept  in  a  moaem, 
sanitary,  ventilated,  and  lighted  stable;  the  mangers  were  cleaned  out  before  milking; 
and  the  milk  was  removed  from  the  stable  as  soon  as  drawuo 

Gamble  and  Kelly  (26)  reported,  in  1922,  that  soybean  silage  fed  1  hour  before 
milking,  even  in  such  small  quantities  as  5  pounds  per  cow,  affected  the  flavor  and 
odor  of  the  milk.    An  increase  in  the  quantity  fed  increased  the  feed  flavor  of  the 
milk.    It  was  stated  that  soybean  silage  should  be  fed  after  milking^ 

In  1927,  Babcock  (19 )  found  that  green  soybeans  fed  to  cows  1  hour  before 
milking,  in  quantities  up  to  30  pounds,  had  a  tendency  to  improve  the  flavor  and  odor 
of  the  milko 

Nevens  and  Tracy  (221)  reported,  in  1928,  that  neither  high-quality,  nor  poor- 
quality  moldy  soybean  hay  fed  to  cows  had  any  effect  on  the  flavor  of  the  milke 
Ground  soybeans,  comprising  10  to  25  percent  of  the  concentrate  mixture,  vjere  like- 
wise without  effect  on  flavor  of  the  milk, 

Boadhouse  and  Hender.qon  (251)  found,  in  1935,  that  soybean  meal  fed  1  to  2 
hours  before  milking,  in  quantities  used  by  the  average  comraercial  dsirjnnan,  did  not 
give  milk  sufficient  flavor  to  make  it  undesirable  to  the  average  consumer ^ 

Bartley  et  ale   (2^  found,  in  1950,  that  neither  soybeans  nor  soybean  hay 
when  fed  to  coys  adversely  affected  the  flavor  of  the  milko 

In  1950,  FrjQ  et  al^  (^Dreported  that  there  was  no  indication  that  cracked 
soybeans  produced  an  undesirable  flavor  in  milk  v/hen  constituting  approximately  11 
percent  of  the  concentrate  mixture  fed  to  cows. 

Sunflower 

Arnett  and  Tretsven  (ig)  reported,  in  1917,  that  the  milk  from  cows  fed 
sunflower  silage  had  no  objectionable  flavors  and  no  change  in  the  milk  could  be 
detected. 
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Tankage 

In  1936,  Olson  8t  al,  (227)  foimd  that  the  feeding  of  tankage  in  the  grain 
ration  in  quantities  as  high  as  50  percent  by  weight  appeared  to  have  no  effect 
on  the  flavor  of  the  nil.k.    ^ven  when  fed  1  to  2  hours  prior  to  milking,  there 
v/as  no  effect  on  the  milk. 

Turnip 

In  1829,  Harlej  and  Ridgvav  (l^)  reported  a  method  to  prevent  milk  from 
tasting  of  turnips.     These  authors  recommended  thi-.t  a  few  teaspoonfuls  of  a  stron 
solution  of  potassium  or  sodium  nitrate  be  put  in  the  milking  pail  prior  to  milk- 
ing.    Common  turnips  and  cabbages  were  reported  as  giving  a  strong  taste  to  milk. 
Aberdeen  yellow  turnips  had  little  effect,  and  Swedish  turnips  had  no  effect  on 
the  flavor  of  milk.     Steaming  of  the  vegetables  before  they  were  fed  was  stated 
as  the  most  effective  way  of  preventing  off -flavors  in  the  milk. 

Dean  (78)  indicated,  in  18^^,  that  pasteurizing  and  adding  starter  would 
overcome  the  turnipy  flavors  ir  milk  and  butter. 

Babcock  (22)  reported,  in  1923,  that  feeding  turnips  to  dairy  cows 
at  the  rate  of  15  pounds  1  hour  before  milking  produced  objectionable  off -flavors 
and  odors  in  the  milk.    An  vocrease  fromi  15  to  30  pounds  of  turnips  increased  to 
a  very  narked  (degree  the  off -flavors  and  odors  in  the  milk.    Feeding  turnips  at 
the  rate  of  30  pounds  immediately  after  milking  had  but  little  detrimental 
effect  on  the  flavor  and  odor  of  the  m.ilk.     Proper  aeration  eliminated  the  slight 
off-flavors  and  reduced  the  strong  off -flavors. 

General 

In  1928,  Babcock  (2^.)  outlined  the  following  m.easures  to  prevent  feed 
flavors  in  milk:  Feed  just  after  milking  all  miaterial  likely  to  taint  milk; 
properly  ventilate  cow  stables;  aerate  and  cool  the  milk, 

Garrett  (27)  stated,  in  1938,  that  it  had  been  shown  that  green  feeds 
produced  a  better  flavored  milk  than  did  dry  feeds. 

Babcock  (24)  stated,  in  1938,  that  investigators  had  shown  that  many  feeds 
impart  their  flavor  to  milk,  the  intensity  of  the  flavor  depending  on  the 
character  of  the  feed,  quantity  consumed,  and  the  time  of  consumption  in  rela- 
tion to  the  time  of  milking.     It  was  noted  that  feed  flavors  enter  milk  mainly 
through  the  body  of  the  cow  and  in  most  cases  these  flavors  are  not  im.parted  to 
the  milk  except  for  a  few  hours  after  feedingo    Proper  aeration  of  the  milk  elim- 
inated slight  feed  flavers  and  reduced  the  intensity  of  strong  feed  flavors* 
It  was  recommended  that  highly  flavored  feeds  be  fed  immediately  after,  never 
just  before,  milking. 

In  1939,  Davies  (72)  reported  that  milk  production  was  not  affected  when 
the  dairy  herd  was  taken  off  pastures  for  3  hours  before  the  afternoon  milking 
in  order  to  control  feed  flavor.     It  v/as  found  that  it  was  not  necessary  for  this 
procedure  to  be  continuous  but  that  it  could  be  changed  to  meet  the  condition  of 
the  pastures. 
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Bartlett  (^4},  in  194-0,  recornmended  the  follox-jing  procedures  for  winter  feeding 
to  produce  high  color  and  good  flavor  of  the  railk:     (l)  Feed  all  the  grass  or  legiune  silage 
(cut  before  maturity  and  properly  preserved)  that  the  cows  will  eat;   (2)  feed  all  roughages 
immediately  after  the  entire  herd  has  been  milked  to  avoid  feed  or  silage  flavors  in  the  | 
milk;  (3)  clean-up  spilled  silage  and  keep  passage  from  barn  to  silo  closed  to  prevent  * 
permeation  of  the  barn  air  with  silage  odors;   iu)  air  out  the  barn  30  minutes  before  milking. 

In  1950,  Frye  et  si..   (95)  determined  that  the  correlation  coefficients  between  milk 
and  fat  yields  and  the  occurrence  of  feedy  flavors  in  milk  was  nonsignificant.     The  correla- 
tion coefficient  between  age  and  the  oc3urrence  of  feedy  flavor  was  nonsignificant • 

Dahlberg  et  al. (64)  provided  evidence  that,  in  1953,  feed  continued  to  be  one  of  the 
main  contrubuting  factors  to  off -flavored  milk,     Tliey  showed  that  of  169  samples  of  fresh 
pasteurized  milk,  collected  in  8  cities  with  populations  of  100,000  or  more,  127  samples, 
or  75  percent,  had  a  feed  flavor. 
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II.-I^ED  FLAVORS 

Closelv  associated  with  fsed  flavors  are  weed  fla-^Drs.     Through  weed-in- 
fested :v-.stiir33,  or  waeds  nixed  in  the  haj,  silage^  or  the  concentrate  portion 
of  the  ration,  cows  often  ingest  enough  --aods  to  produce  an  off -flavor  or  taint 
in  the  milk  they  produce.     The  weed  that  has  received  the  most  attention  from 
investigators  is  wild  orxion  or  garlic.     The  effect  of  this  weed  was  first  re- 
ported (37)  in  1757.    That  weed  flavor  is  still  an  important  problem  was  indicated 
in  1951  by  Aui-'and  and  Ibore  (l6)  who  reported  that  three  different  mineral  supple- 
ments, advertised  to  prevent  weed  flavor  in  milk,  when  fed  to  cows,  failed  to  do  so 

Bitterweed 

Babcock  (25.),  in  1929,  reported  work  with  bittorweed.     He  found  that 
cows  must  consume  4--^-  to  5  pounds  of  bitterweed  1  hour  before  milking,  or  2-g- 
to  3  pounds  ("J-  pound  at  1-hour  intervals)  to  within  2  hours  of  milking,  before 
its  effect  would  be  noted  by  a  very  slightly  bitter  taste  in  the  milk.     As  the 
quantity  of  bitterweed  consumed  was  increased,  the  intensity  of  the  bitter  flavor 
in  the  milk  was  increased.    '.Jlien  more  than  7  pounds  was  consumed,  bitter  milk 
was  Produced  and  more  than  9  pounds  produced  a  very  bitter  milko  Regardless 
of  the  degree  of  bitterness,  the  milk  had  a  normal  odor,  when  bitter  m.ilk  was 
separated,  the  bitter  flavor  was  more  pronounced  in  the  skim  milk  than  in  the 
cream  or  the  whole  milk.    Also,  unlike  the  flavors  caused  by  most  feeds  and 
weeds,  the  off-flavor  caused  by  consuiaption  of  bitterv/eed  in  the  cov;s  *  rations 
did  not  disappear  from  one  milking  to  the  next.     Tlie  off -flavor  was  ^^resent  in 
milk  produced  24  h.-ors  after  the  cows  had  consumed  10  pounds  of  the  v;eed. 

In  1929,  MacDonald  and  Glaser  (202)  determined  that  the  bitter  substance 
of  bitteriNreed  was  found  in  all  parts  of  young  -slants ,  but  in  nature  plants 
mainly  in  the  leaves  and  flower-heads.     Tlie  bitter  substance  was  crystalline, 
nonvolatile,  nearly  colorless,  i.nd  odorless.     It  was  soluble  in  water  but  in- 
soluble in  fat  and  in  mineral  oil.     Because  of  these  properties,  it  dissolved 
in  the  wator,  or  serum,  of  milk  but  not  in  the  fat. 

Weathers  (307)    in  1933,  reported  a  test  to  determine  the  presence  of  the 
bitter  substance  imparted  ta  milk  by  the  bitterweed.     The  substance  was  detected 
by  the  characteristic  orange-red  color  that  developed  when  contaminated  milk  was 
treated  directly  with  solutions  of  picric  acid  and  sodium  hydroxide.     Tlie  quantita- 
tive detemination  of  the  bitterweed  principle  could  be  accurately  made  on  the 
alcohol-ether  extracts  of  centrifuged  milk  by  the  use  of  standards  of  purified 
bitter  crystals,  or  by  the  use  of  either  creatinine  or  picramic  acid  standards. 

Carro tweed 

In  1939 J  carro tX'jeed  was  reported  (l^.)  as  a  serious  cause  of  taint  in  milk, 

Fanweed 

In  1944,  Nelson  (219)  reported  that  when  ground  fanv/eed  seed  was  fed 
inmediately  after  milking,  in  amounts  up  to  9  percent  of  the  total  grain  ration, 
the  fanweed  fla^/or  was  not  present  in  the  milk  produced  at  the  next  milld.ng. 
However,  when  fed  within  an  hour  before  milking,  the  milk  was  unfit  for  sale. 
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Land  Cress 

In  1938,  Marryatt  (207)  reported  a  cress  flavor  in  milk  caused  by  lani  cress. 
The  flavor  was  found  to  be  reduced  by  preventing  cows  from  eating  land  cress  within 
4-  hours  before  railking. 

Alio   (2),  in  194-0,  reported  experiments  that  proved  that  cress  taint  in  milk 
could  definitely  be  overcome  by  controlled  grazing, 

Mayi'/eed 

In  1926,  Procter  (235)  found  that  may^^Jeed  (chamomile)  did  taint  milk  when 
fed  to  cows  in  sufficient  quantity,     'Ihe  tainting  principle  was  determined  to  be  a 
chemical  substance  or  substances  which  when  added  mechanically  to  milk  or  vjhen 
drenched  orally  to  a  cow  v/ould  give  the  milk  the  typical  off-flavor. 

Hansen  (139),  in  1929,  r^orted  that  mayweed  was  capable  of  imparting  an 
off-flavor  and  odor  to  milk. 

PepT^errrrass 

In  1944-,  Pratt  (234)  found  that  ensiling  peppergrass  with  molasses  as  a 
preservative  produced  a  palatable  silage  which  after  f Bnaentatlon  had  no  pepper- 
grass  flavor.     He  concluded  that  crops  containing  peppergrass  might  be  ensiled 
without  fear  that  off -flavor  would  result  in  the  milk  or  milk  products, 

Ha3jeed 

In  1929,  Hansen  (l39)  and  Lucas  (196)  recognized  that  ragweed  eaten  by  cows 
was  one  of  the  principal  causes  for  weed  fla-^Tors  and  odors  in  the  m-ilk. 

Wild  Onion  or  Garlic 

In  1757,  Bradley  (37)  was  reported  as  stating  that  when  cows  were  fed  gtrrlic 
their  milk  i-jould  be  found  to  have  a  gcarlic  taste  and  scent, 

Russell  (261) ,  in  1897,  stated  that  the  volatile  principle  in  onion  ard  soue 
other  garden  vegetables  could  be  recognized  in  the  expired  breath  of  the  cow  and  in 
its  milk  v/ithin  a  short  time  after  the  substance  was  eaten.     He  recognized  that 
different  volatile  odors  are  diffused  by  means  of  the  circulation  throughout  the 
body  tis-sues  and  therefore  it  might  be  expected  that  a  fluid  having  such  great  ab- 
sorptive properties  as  milk  v/ould  be  saturated  with  those  substances. 

In  1914,  Ayers  and  Johnson  (17.)  reported  that  they  had  e:^cp crime ntally  removed 
onion  or  garlic  flavor  from  milk  by  blowing  air  through  it  at  145°         The  off- 
flavor  was  entirely  removed  in  30  to  60  minutes. 

Babcock  (26)  ,  in  1925 , reported  that  garlic  flavor  and  odor  v;ere  detected 
in  the  milk  when  the  samples  were  taken  1  minute  after  feeding  garlic.  The 
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intensity  of  the  garlic  flavor  and  odor  increased  as  the  time  interval  between 
feeding  the  garlic  and  taking  the  milk  samples  increased  until  at  10  minutes 
a  high  degree  of  intensity  was  reached^     Very  objectionable  garlic  flavor  and 
odor  were  present  in  milk  when  the  cows  consumed  -g-  pound  of  garlic  k  hours  be- 
fore milking.    As  the  time  interval  increased,  the  off -flavor  decreased  until 
at  7  hours  it  had  practically  disappeared  from  the  milk.     Strong  garlic  odor 
and  flavor  were  found  in  the  milk  drai^m  2  minutes  after  the  cows  inhaled  garlic 
for  10  minutes*    At  90  minutes  between  inhalation  and  milking,  the  off-flavor 
and  odor  had  disappeared.     Garlic  odor  was  readily  perceived  in  samples  of  blood 
drawn  30  minutes  after  feeding  the  cows  2  pounds  of  garlic  tops,  and  strong 
garlic  odor  was  present  in  the  blood  drawn  4-5  minutes  after  such  feeding.  This 
definitely  established  that  feed  and  weed  flavors  enter  milk  mainly  through  the 
body  of  the  cow. 

Procter  (235) .  in  1926,  recognized  that  garlic  or  wild  onion  tainted  milk, 

MacDonald  and  Crawford  (200 ) ,  in  1927,  reported  that  in  experiments  with 
onion-flavored  milk  it  was  found  that  the  subst£:nce  responsible  for  the  disagree- 
able flavor  and  odor  was  carried  almost  entirely  by  the  milk  fat„     They  explained 
the  use  of  mineral  oil  to  remove  the  onion  flavor.     These  authors  (20l)  reported 
further  experimentation  in  1927o     Tliey  found  that  one  washing  ^^fith  1  part  of 
mineral  oil  to  10  parts  of  milk  would  remove  onion  odor  but  that  two  washings 
were  needed  to  remove  all  of  a  strong  onion  odor  and  taste.     The  oil  was 
separated  from  the  milk  and  purified  for  reuse. 

In  1927,  Trout  (298)  stated  that  the  oil  treatment  was  an  effective 
control  measure  for  the  onion  or  garlic  off -flavor  in  milk, 

MacDonald  and  Jacob  (202_) ,    in  1928,  reported  that  inhalation  of  the 
volatile  substances  from  fresh  wild  garlic  tops  produced  a  strong  garlic  flavor 
and  odor  in  the  blood  and  milk  in  a  very  short  time.    Wlien  administration  of 
the  garlic  was  arranged  to  eliminaoe  as  far  as  possible  the  inhalation  factor, 
the  time  required  for  the  acquisition  of  the  garlic  flavor  and  odor  by  milk  was 
greatly  increased  and  the  intensity  of  the  flavor  and  odor  was  markedly  diminished. 

In  1929?  Hansen  (139) ^  recognized  garlic  or  onion  as  among  the  principal 
causes  of  weed  flavors  and  odors  in  milk, 

MacDonald  et  al,  (l99  <»  in  1930,  stated  that  the  process  of  mineral  oil 
treatment  of  onion-flavored  milk  to  remove  objectionable  flavor  permitted  an 
almost  complete  removal  of  the  oil  from  the  milk.     It  was  concluded  from  evi- 
dence presented  that  the  milk  s-uffered  no  deleterious  effects  from  the  process. 

Wylie  (329)    in  1937,  reported  that  the  most  practical  method  of  onion- 
flavor  control  in  milk  was  pasture  management. 

In  1951 J  Aurand  and  Moore  (16)  stated  that  several  manufacturers  of 
mineral  dairy  supplements  had  advertised  their  product  as  preventing  weed  flavors 
in  milk.     They  reported  that  experiments  v/ith  three  different  mineral  supplements 
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fed  at  the  rate  recoimnended  by  the  manufacturers  to  covjs  on  onion-infested  pasture 
(supplemented  in  one  of  three  trials  by  a  pound  of  chopped  onions  per  cow  per  feed- 
i  ng)  showed  that:   (l)  None  of  the  supplements  prevented  the  occurrence  of  onion 
flavor 5  and  (2)  although  two  of  the  supplements  improved  the  quality  of  milk^  the 
difference  was  of  such  small  magnitude  that  only  competent  judges  could  detect  ito 

Miscellaneous 

Hansen  (139)  and  Lucas  (196) ,  in  1929;,  recognized  the  folloidng  as  causing 
undesirable  weed  flavors  and  odors  in  milk:    Baardtongue;  boneset;  buckhorn.,  dog-- 
fenneli  foxglove;  horseweed;  m.arestail|  x-dld  lettuce;  and  wild  tansyo  Hansen 
stated  that  when  buttercups  are  grazed  in  abundance,  there  was  not  only  danger  of 
a  strong  flavor  but  a  reddish  hue  might  be  imparted  to  the  milk.     He  also  stated 
that  mare  stall  x^ras  found  to  cause  a  bitter  flavor  and  a  peculiar  odor  in  the  milk. 

Dice  (72)jin  194-4-?  listed  three  ways  of  avoiding  or  correcting  off -flavors 
in  milk  and  milk  products,  as  follows r     (l)  Careful  herd  management— feed  an  ade- 
quate ration  and  keep  cows  off  weedy  pastures  from  3  to  8  hours  before  milking; 
(2)  good  pasture  management  to  control  the  weeds;   (3)  vacuum  pasteurization. 
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III* -OXIDIZED  FLAVOR 

None  of  the  other  off -flavors  of  milk  has  been  so  vjidelj  investigated  and 
discussed  as  has  the  one  nov;  coii3norJ.j  knov/n  as  "oxidized.  "    One  of  the  earliest 
references  to  tbJ.s  defect  was  recorded  by  Golding  and  Feilman  (llO) ,  in  1905. 
Tnese  Vv'orkers  traced  an  alkaline,  mealy  off -flavor  in  riilk  to  exposed  copper 
on  the  siJirface  of  a  tinned  farm  cooler.     By  experiment,  they  showed  that  600 
milliliters  of  fresh  nil k  left  standing  over  a  15  by  ll-centimeter  piece  of  clean 
copper  foil  developed  a  peculiar  mealy  flavor  in  16  to  18  hours.    They  concluded 
that  copper  was  acted  on  by  milk,  especially  in  the  presence  of  air,  and  that 
small  quantities  of  the  netal  v/ent  into  solution  in  the  milk.     They  further  con- 
cluded that  the  off -flavor  appeared  to  be  due  in  part  to  the  development  of 
micro-organismxS  in  the  presence  of  copper. 

Since  190$,  "oxidized"  flavor  has  been  described  in  the  literature  as 
"cappy, "  "papery,"  "cardboard,"  "pulpy,"  "oily,"  "tallov/y, "  "chalky,"  or  "soapy." 
Many  of  these  terms  are  used  interchangeably,  at  the  present  time,  to  describe 
progressive  steps  in  the  oxidative  process.     It  is  now  generally  agreed  that  the 
ultimate  defect  results  fromi  an  oxidation  of  the  milk  fat  or  an  associated  milk 
fat  component.    Hov;ever,  discussions  continue  as  to  the  actual  oxidative  process 
involved  and  the  actual  coriponent  part  or  parts  affected.     Research  is  being  con- 
tinued in  an  effort  to  determine  the  best  means  of  preventing  the  defect.  That 
such  research  is  needed  was  shown  by  the  report,  in  1953?  of  Dahlberg  et  al.  (64) 
that  out  of  169  samples  of  fresh  pasteurized  milk,  collected  in  S  cities  with 
populations  of  100,000  or  over,  29  sar.ples,  or  17  percent,  had  an  oxidized  flavor. 
Ai'ter  holding  7  days  at  33^  F, ,  67  percent  of  the  samples  were  oxidized.     Such  a 
prevalent  and  vddely  investigated  defect  has  led  to  m.uch  tangent  research  or 
research  not  directly  concerned  v/ith  the  defect  itself.    For  example,  in  1936,  it 
was  determined  that  apcorbic  acid  or  vitamin  C  was  associated  with  the  development 
of  the  oxidized  flavor.     As  a  result  much  research  has  been  conducted  and  much  more 
is  being  conducted  to  determine  the  exact  relationship  between  these  t\}0  factors. 
Since  the  relationship  v/as  noted,  research  also  has  been  conducted  to  determine  the 
factors  that  affect  the  ascorbic  acid  or  vitamin  G  content  of  normal  milk  and  its 
relation  to  the  other  constituents  of  milk.     Tliis  type  of  research  is  partly  re- 
viewed in  this  publication. 

Metallic  Oontamination 

As  stated  above,  metals  were  first  associated  with  oxidized  flavor  in 
1905  (110 ) . 

In  1927,  Ckayam^a  (222.)  I'sported  the  results  of  an  investigation  undertaken 
A^en  one  farm's  milk  d^velDped  a  "cap"  or  "pulpy"  taste.     Samples  of  the  ;Droducer's 
milk  were  taken  at  every  point  from  cow  to  bottle.     Care  was  taken  to  prevent 
contact  of  the  milk  with  the  cap.     Tne  samples  of  milk  were  immediately  iced,  held 
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in  ice  box,  and  samples  for  flavor  at  24-^  48-5  and  72-hour  intervals o 
From  the  cooler  on,  the  samples  had  an  off-flavoro     The  source  of  the  off- 
flavor  was  traced  to  exposed  copper  on  the  cooler  surfaceo    -After  the  cooler 
was  retimied^  the  off-flavor  was  eliminatedo 

Mattick,   (211), in  1927,  reported  that  oiliness  was  due  to  the  catalytic 
oxidizing  action  of  exceedingly  minute  quantities  of  copper  being  taken  up  by 
the  milk  at  various  points  in  its  handling,.     It  v;as  stated  that  oiliness  was 
not  identical  with  other  flavors  induced  by  larger,  but  still  very  small, 
quantities  of  the  metalo     The  reaction  was  found  to  be  dependent  to  a  large 
extent  on  free  access  to  molecular  oxygen. 

In  1931,  Guthrie  et  alo   (133 )  found  that  copper,  copper  alloys  (ambrac, 
brass,  bronze,  monel  metal,  nickel,  silver.^  and  Waukesha  metal),  sho^^/ed  weight 
losses  when  exposed  to  sweet  milk  and  produced  oxidized  flavors  in  all  samples 
of  milko     Tin-plated  and  chromium-plated  copper  were  unsatisfactory  in  pre- 
venting copper  contamination  due  to  mechanical  wearing  av/ay  of  the  plating„ 
Chromium  al.loys  showed  little  or  no  weight  losses  in  milk^  but  in  some  milks 
these  alloys  induced  a  slight  oxidized  flavor o     Chromium-nickel  alloy,  alum- 
inum ,  glass  enamel,  and  carefully  tin-plated  metals  showed  no  weight  losses, 
remained  clear,  and  did  not  induce  oxidized  flavors «     deration  by  continuously 
bubbling  air  through  the  milk  during  pasteurization  increased  the  tendency 
tdward  development  of  oxidized  flavors, 

Tracy  and  Ruehe  (296) <.    in  1931?  stated  that  the  development  of  tallowy 
flavor  in  milk  was  closely  associated  with  metal  contsinination.    They  con- 
cluded that  milk  should  not  be  brought  into  contact  with  either  iron  or  copper 
surfaces o    Benedict  nickel  was  also  reported  as  having  a  detrimental  effect 
on  milko     Glass  and  iillegheny  metal  had  practically  no  ill  effects  on  milk 
flavor o 

Button  (22),  in  1933^  reported  that  outbreaks  of  cardy  milk  in  five 
Nev;  Jersey  .plants  had  been  definitely  traced  to  exposed  copper  surfaces  in 
milk-processing  equipments 

In  1933  V  Davies  (74)  found  that  1^5  PoPom,  of  total  copper  in  milk 
of  good  hygienic  quality  stored  at  32°  to  40°        was  sufficient  to  cause 
a  detectable  oxidized-fat  flavor  within  24  hours.     Natural  copper  content  of 
100  samples  of  milk  from  various  parts  of  Great  Britain  ranged  from  0,30 
to  0:,75  PoPsmo    It  was  found  that  the  cooler  yas  the  piece  of  equipment  responsible 
for  the  greatest  increase  in  the  copper  content  of  milke    Copper  was  also  added 
by  the  pasteu.rizero    In  all  cases  where  the  cooler  or  pasteurizer  was  responsible  ^ 
retinning  or  replacing  stopped  the  oily  off^flavor.     It  was  generally  found  that  an 
increase  in  copper  content  01  the  milk  was  usually  accompanied  by  an  increase  in 
iron  contento 
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Brown  et  al.   (42)  reported,  in  1936,  that  amounts  of  copper  ranging 
up  to  2.5  p«p»m.  added  to  milk  pasteurized  by  the  "low-long  method"  caused 
a  more  frequent  and  more  intense  development  of  oxidized  flavor  than  did 

the  same  amount  of  copper  added  to  the  milk  prior  to  pasteurization.  Sam- 
ples of  raw  milk  contaminated  with  2.5  p. p.m.  of  copper  tended  to  develop 
oxidized  flavor  of  about  the  same  intensity  as  that  occurring  in  sam- 
ples from  the  same    supply  of  milk  identically  contaminated  after  pasteuriza- 
tion.   However,  the  off-flavor  developed  in  the  raw  milk  was  of  a  greater 
intensity  than  that  prodLiced  in  samples  from  the  same  supply  of  milk 
identically  contaminated  before  pasteurization.. 

In  1937,  Thurston  (283)  reported  that  copper  and  iron  must  be  in 
solution  to  cause  oxidized  flavDr  in  milk.    He  stated  that  it  appeared  that 
these  were  the  only  metals  capable  of  causing  oxidized  flavor  development 
in  milk. 

Nelson  and  Dahle  (216)  found,  in  1939?  that  the  spontaneous  and 
copper-induced  oxidized  flavors  in  milk  are  identical.     Judges  were  unable 
to  distinguish  any  difference  except  in  intensity. 

In  1939,  Gould  (ill)  reported  that  the  heating  of  milk  momentarily 
to  80°  to  82°  G. ,  or  above,  prevented  the  development  of  an  oxidized 
flavor  as  induced  by  2.8  p. p.m.  of  ferrous  iron.    This  occurred  irrespec- 
tive of  whether  the  iron  was  added  before  or  after  the  heat  treatment. 
The  "critical"  temperature  is  different  for  milk  containing  added  ferrous 

iron  than  that  for  milk  containing  added  copper.     This  is  due  to  the 
differences  in  the  sulphide  combining  abilities  of  these  metals,  to  dif- 
ferences in  their  abilities  to  form  complexes  with  the  substance  supply- 
ing the  heat  labile  sulphur,  or  to  differences  in  their  oxidizing  property. 
It  was  reported  that  the  liberation  of  sulphides  prevented  the  develop- 
ment of  oxidized  flavor. 

Henderson  and  Roadhouse  (lAA) ,  in  19A0,  found  that  nickel,  lead, 
and  zinc  did  not  influence  the  oxidation  of  ascorbic  acid  and  did  not 
cause  oxidized  flavor  in  the  milks  pasteurized  in  contact  with  pure  strips 
of  these  metals. 

Greenbank  (121,),  in  194-0,  reported  that  his  results  indicated  that 
copper  was  more  active  as  a  catalyst  than  was  ferrous  iron, 

Garrett  (99)  reported,  in  1941 ?  that  divalent  manganese  added  to  milk 
contaminated  with  copper  or  iron  completely  inhibited  or  greatly  retarded  the 
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development  of  oxidized  flavor.  Metallic  manganese  exhibited  a  similar  effects  Aluminum 
did  not  prevent  the  development  of  the  oxidized  flavor  in  copper-contaminated  milk, 

Bartley  et  al^   (^)  ^  from  experiments  conducted  from  November  through  May  1950^ 
concluded  that  rusty  tin  containers  increased  the   susceptibility  of  the  milk  to  oxida- 

tiOHe 

In  1953?  Willard  and  Gilbert  (323 )  stated  that,  although  stainless  steel  equip- 
mient  was  advised  for  milk  processors  as  a  preventive  of  oxidized  flavors^  few  experi- 
ments had  brought  to  li^t  the  extent  to  which  alloy  metals  containing  copper  produced 
an  oxidizing  effect  in  the  hot  milk  side  of  milk  processingo     They  reported  that,  for 
several  years,  pasteurized  milk  at  the  University  of  Vtyoming  creamery  had  become 
oxidized  after  2  days  in  storage  unless  an  antioxidant  had  been  added  to  the  milk 
before  pasteurization e    By  experimentation^  they  found  the  milk  being  contaminated 
by  soluble  copper  obtained  from  tvjo  pumps ^  the  strainer-cage^  the  strainer  inner  tube, 
and  the  strainer  cap  but  not  from  the  stainless  steel  pipe  capo     Samples  of  milk 
were  heated  to  lAO    F,  in  contact  with  the  creamery  equipment  and  the  milk  was  analyzed 
for  copper  solubility,    V^fherever  considerable  soluble  copper  \ms  found,  strong  oxidized 
flavor  developed  in  milk  after  4  days  storage.    More  of  the  copper  i,;as  fou.nd  in  the 
cream  than  in  the  skim  milk  after  separation  and  oxidized  flavor  v/as  produced  in 
greater  intensity  in  the  creame     Those  authors  recommended  that  care  be  taken  in  the 
purchase  of  creamery  equipment  so  as  to  avoid  the  use  of  metal  that  contains  appre- 
ciable amounts  of  soluble  copper. 

Cows,  as  Source 

Guthrie  and  Binieckner  (130)  ^  in  1933 ^  reported  on  samples  of  mdlk^  from  155 
cows  in  five  herds ^  extmined  for  oxidized  flavDrs  after  pasteurization  and  storage 
in  brown  glass  bottles.     They  found  that  21  percent  of  the  155  cows  consistently  gave 
milk  that  developed  distinct  oxidized  flavors  at  the  end  of  a  3-day  store, ge  period. 
Approximately  10  percent  of  the  cows  produced  milk  which  developed  only  slight  oxidized 
flavors.     The  percentage  of  cows  in  the  herds  whose  milk  developed  distinct  oxidized 
flavors  ranged  from  6  to  28  percent <,     Ttiese  authors  reported  that  apparently  no  rela<- 
tion  existed  between  the  breed,  period  of  lactation^  or  age  of  the  cow,?  and  the  develop- 
ment of  oxidized  flavor  in  the  milk. 

In  1935,^  Chilson  (^)  foimd  that  about  25  to  30  percent  of  the  cows  in  the 
Cornell  herd  gave  milk  during  the  winter  and  spring  months  which  developed  an  oxidized 
flavor  when  pasteurized  and  stored  in  glass  at  a  low  tem.perature ,    The  milk  of  indivi- 
dual cows  showed  a  great  variation  in  its  susceptibility  to  oxidation,.    It  was  found 
that  it  was  not  necessary  for  tbo  milk  of  some  cows  to  come  in  contact  with  metals  or 
their  salts  for  the  oxidized  flavors  to  develop^  but  the  presence  of  such  salts  greatly 
accelerated  the  reaction, 

Tomlinson  (290 ) ^in  1940^  reported  that  no  samples  of  milk  from  individual  cows 
could  be  found  which  would  develop  the  oxidized  flavor  without  added  copper©  How- 
ever^  samples  were  found  where  even  Ool  p,pom.,  of  copper  made  them  susceptibleo 

Corbett  (^),  in  1942,  reported  that  milk  from,  individual  cows  varied  in  its 
susceptibility  to  the  development  of  oxidized  flavor,     Tlie  variation  yas  correlated 
with  the  stage  of  lactation  and  age  of  the  animal ^  but  only  slightly  correlated  with 
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season  of  the  year  (March  through  September) ,  and  the  breed  of  the  cow.  The 
quantity  of  milk  and  fat  produced  weekly  was  not  related  to  the  development 
of  the  off -flavor.    Similar  results  v;ere  reported  by  Gorbett  and  Tracy  (59) . 
in  1943.      Milk  from  Ayrshire  cows  appeared  slightly  less  susceptible  than  that 
from  other  breeds  of  cows.    Mlk  from  the  first  part  of  the  lactation  period 
was  more  susceptible  to  off -flavor  than  was  milk  from  the  latter  part  of  the 
lactation  poriod.    I^lk  from  heifers  was  much  more  susceptible  than  was  milk 
from  older  cows. 

Feed  as  a  Factor 

In  1934,  Henderson  and  rbadhouse  (l_45 )  reported  that  milk  from  cows  on 
submainte nance  rations  shov/ed  increases  in  the  percentages  of  unsaturated 
fats  and  increased  susceptibility  of  the  fat  to  oxidation. 

Anderson  (?),,  in  1937,  found  that  a  change  from  the  production  of  good  milk  to 
milk  which  acquired  an  oxidized  flavor  could  be  brought  about  by  changing 
the  hay  fed  to  tiie  covjs  from  good  machine-dried  alfalfa  hay  to  poor  field- 
cured  alfalfa  hay.     The  cows  would  again  produce  milk  of  good  color  and  flavor 
when  fed  a  good  quality  hay  or  a  poor  quality  hay  plus  a  small  quantity  of 
carrots. 

The  spontaneous  oxidized  flavor  of  cow's  milk  was  influenced  by  the 
feed  of  the  cow  according  to  a  report  by  Dahle  and  Palmer  (2i.),  in  1937. 
Green  feeds,  such  as  pasture,  green  alfalfa,  and  clover,  inhibited  the  pro- 
duction of  the  off -flavor  in  milk«    Breed  of  cows,  stage  of  lactation, 
chlorine-lactose  ratio,  and    leucocyte  content  of  the  milk  had  no  influence 
on  the  occurrence  of  spontaneous  oxidized  flavor. 

In  1937,  Garrett  (lOO)  found  that  milk  produced  by  cows  on  pasture 
feeding  v/as  of  finer  flavor  than  milk  produced  by  cows  under  winter  feed- 
ing conditions  as  measured  by  the  disappearance  of  tallowy  flavor  when 
the  cows  received  green  feed.    When  cows  produced  tallowy  flavor  under 
both  conditions  the  intensity  of  the  undesirable  flavor  was  far  less  when  the 
cows  were  on  pasture. 

Brown,  et  al«    (44),  in  1937,  found  that  dry  feeding  increased  the 
tsndency  for  oxidizedTlavor  to  develop  in  milk,  and  grazing  on  fresh 
pasture  decreased  the  tendency.     There  was  considerable  variation  among 
individual  cows  with  respect  to  the  tendency  for  oxidized  flavor  to  develop 
in  their  milk.    Ilovjever,  mixed  milk  (5  to  8  cows)  never  developed  oxidized 
flavor  when  no  copper  or  iron  was  added.     The  feeding  of  1  quart  per  animal 
daily  of  either  tomato  or  lemon  juice  to  cows  on  dry  feed  greatly  reduced  the 
susceptibility  of  tneir  milks  toward    the  development  of  oxidized  flavor. 
Pure  crystalline  ascorbic  acid  fed  at  the  rate  of  one-half  frran  daily  also 
greatly  decreased  the  tendency  for  oxidized  flavor  to  develop.     It  was  con- 
cluded that  vitarain  G  in  the  rations  of  dairy  cows  may  reduce  or  entirely 
eliminate  the  stisceptibility  of  their  milks  toward  the  development  of  oxi- 
dized flavor. 
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In  1938,  Hening  and  D&lilberg  (1^:6)  concluded  that  the  feeding  of  man.^'-els  or 
beet  pulp  in  no  x-iaj  prever..ted  or  increased  the  susceptibility  of  milk  toward  the 
development  of  oxidized  flavor. 

Brown  et  al.   (42.)  reported^  in  1939,  that  ascorbic  acid  fed  to  cows  at  the 
rate  of  1  gram  per  day  reduced  considerably  the  tendency  for  metal-induced  oxidized 
flavor  to  develop  although  it  did  not  materially  increase  the  ascorbic  acid  content 
of  the  milk.     Carotene  fed  at  the  rate  of  350  milligrams  per  day  greatly  reduced 
the  tendency  for  metal-induced  oxidized  flavor  to  develop  and  resulted  in  an  in- 
creased amount  of  carotene  in  the  milk.    However^  it  was  concluded  that  the  mechanis 
v.hereby  oxidized  flavor  vjas  developed  spontaneously  was  influenced  by  some  factor 
or  factors  other  than  a  ration  lovj  in  carotene. 

Hening  and  Dahlberg  (l^Z)  ?        1939?  found  that  the  flavor  of  fresh  milk 
and  its  keeping  qualities,  as  indicated  by  the  percentage  occurrence  of  oxidized 
flavor  and  nmaerical  score  in  aged  milk,  were  not  influenced  by  the  level  of  feed- 
ing (10  and  20  percent  belox-;  standard;  10,  20,  and  30  percent  above  standard;  con- 
trol group  at  Morrison  standard  level).     The  occLrrence  of  oxidized  flavor  was 
considerably  less  in  the  sumraer  months  than  in  winter  months,  but  there  was  no 
definite  correlation  betv/een  the  exact  period  of  feeding  green  cut  legum.es  and 
the  occurrence  of  the  off-flavor  in  the  milk. 

The  feeding  of  grass  silage  prevented  the  development  of  oxidized  flavor 
in  milk  when  it  \jas  not  contaminated  with  soluble  metal,  and  greatly  retarded  the 
development  and  lessened  the  intensity  of  the  off-flavor  when  soluble  copper  v/as 
added  as  reported  by  Garrett  et  al.   (10^),  in  1939. 

In  1939,  Whitnah  et  al,   (322)  found  that  low  carotene  intakes  were  regularly 
associated  with  milk  which  developed  oxidized  flavor,  and  that  high  carotene  intakes 
prevented  or  remedied  the  defect.    liov/ever,  these  author ;j  concluded  that  the  level 
of  carotene  intake  \.jas  possibly  not  the  only  factor  dete r^rdni ng  the  tendency  of  the 
milk  to  develop  oxidized  flavor. 

Beck  et  al.   (2^) ,  in  1939,  reported  that  the  development  of  oxidized  flavor 
in  raw  milk  v/as  effectively  prevented  by  feeding  as  little  as  206  milligrajTis  of 
carotene  oer  head  daily  to  cows  that  had  been  consistently  producing  milk  with 
this  off-flavor. 

Martin  et  al,   (210)    in  1940,  reported  that  the  feeding  of  vitamin  A  at 
30,000  or  90,000  International  Units  for  10  days  or  300,000  International  Units 
for  20  days  to  cows  on  \dnter  rations  reduced  the  incidence  of  oxidized  flavor 
and  improved  somewhat  the  flavor  score  of  co'oper-contaminated  milk.    Feeding  I/6 
to  1/3  gram  daily  of  carotene  in  addition  to  the  vitamin  A  feeding  reduced  the 
intensity  of  the  copper-induced  oxidized  flavor.     Seven  days  of  -pasture  feeding, 
in  most  inirbances,  eliminated  the  copper-induced  oxidized  flavor  in  stored 
pasteurized  milks, 

Greenbank  (l2l)  reported,  in  19/+0,  that  the  development  of  the  oxidized 
flavox  in  milk  was  not  always  inhibited  by  feeding  green  feed.     However,  he 
stated  fui-ther  that  its  beneficial  effects  were  indicated  by  the  fact  that  in 
every  case  there  was  a  decrease  in  flavor  intensity  by  the  end  of  the  fifth  week 
on  pasture^ 


23 


In  1941,  Garrett  et  al.   (l02)  reported  that  Isgume  and  grass  silages  pro- 
duced  milks  with  greater  resistance  toward  the  development  of  oxidized  flavor 
than  did  com  silage,  beet  pulp,  or  dried  citrus  pulp^     Alfalfa  silage  was  equal 
to  or  better  than  pasture  in  producing  milk  ;vrith  high  resistance  toward  the 
development  of  oxidized  flavor.    The  difference  in  resistance  toward  the  off- 
flavor  between  molasses  grass  silage  and  phosphoric  acid  grass  silage  was  not 
significant. 

Brown  et  al.  (4I)  found,  in  1941 ^  that  the  feeding  of  1  pound  per  day 
of  coconut  oil  in  the  daily  ration  of  a  dalrj  cow  reduced  slightly  the  inten- 
sity of  the  oxidized  flavor  developed  by  copper,  and  decreased  slightly  the 
iodine  number  01  the  butterf at.     The  feeding  of  1  pound  daily  of  crude  or  re- 
fined soybean  oil  increased  greatly  the  iodine  number  of  the  resii-lting  butter- 
fat  and  increased  the  susceptibility  of  the  milk  to  metal-induced  oxidized 
flavor. 

In  1941?  Broivfn  et  al.   (46)  reported  that  the  feeding  of  high-quality 
alfalfa  hay  together  with  alfalfa  leaf  meal  greatly  reduced  or  eliminated 
th«  tendency  for  metal-induced  oxidized  flavor  to  develop.     The  feeding  of 
brown,  leafy  alfalfa  hay  resiilted  in  a  decreased  carotene  content  in  the 
milk  but  did  not  increase  the  intensity  of  the  oxidized  flavor.     The  results 
indicated  that  the  amount  of  carotene  in  butterfat  may  not  be  the  substance 
responsible  for  the  reduction  in  susceptibility  of  milk  to  oxidized  flavor. 
It  appeared  that  some  substance  or  substances  associated  with  carotene  probably 
had  a  greater  effect  than  did  the  carotene  itself. 

Babcock  and  Haller  in  19^3,  found  that  the  feeding  of  molasses- 

alfalfa  silage,  straight  alfalfa  silage,  soybean  silage,  or  corn  silage  had 
no  significant  effects  on  the  copper  tolerance  of  tlie  m^ilk  produced. 

The  milk  of  four   cov/s  fed  cod-liver  oil  by  Guthrie  (125)  ^  in  194-6, 
becaLie  oily  and  on  standing  developed  either  a  "goaty"  or  an  oxidized  flavor. 
In  a  second  experiment  the  milks  of  four  cows  became  oxidized  apparentlj^  as  the 
result  of  administering  cod-liver  oil  either  in  the  feed  or  by  drenching. 

In  1952,  Krukovsky  and  Loosli  (I84)  found  that  a  tocopherol  supplement 
of  1  to  2  grams  daily  to  a  standard  ration  for  cows  could  not  be  depended 
on  to  maintain  the  tocopherol  content  of  the  fat  and  to  prevent  or  correct 
oxidized  flavors  in  the  milk  under  all  conditions. 

Composition  Factors 

Many  of  the  constituents  of  milk  have  been  studied  to  determine  their 
relationship  to  the  development  of  the  oxidized  flavor.     Tlie  constituent  of  milk 
that  has  been  most  thoroughly  studied  is  vitamin  G  or  ascorbic  acid. 

Vitamin  C  ,  Ascorbic  Acid 

In  1935?  Chilson  reported  that  the  addition  of  50  to  60  milligrams 

of  ascorbic  acid  per  liter  of  milk  V70uld  prevent  development  of  the  oxidized 
flavor  for  7  days  in  milk  v;hich  otherwise  ^-^uld  develop  a  pronounced  oxidized 
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flavor e     .All  vitamin  G  ye.s  found  to  bo  oxidized  by  the  time  the  oxidized  flavor  x/as 
detectable. 

Sharp  et  al.   (269),  in  1936,  loimd  thc:t  the  addition  of  100  milligrans  of 
ascorbic  acid  per  liter  of  milk  greatly  retarded  the  development  of  the  oxidized 
flavor  in  milk.  There  v/as  a  positive  correlation  between  the  rate  of  oxidation  of 
ascorbic  acid  and  the  rate  of  the  development  of  the  oxidized  flavor. 

Anderson  (S)  stated ^  in  1936,  that  vitamin  C,  ascorbic  acid,  uas  not  the 
factor  responsible  for  good-flavored  milk  since  carrots,  lovj  in  vitamin  G,  pro- 
duce good  milk  x/hereas  cabbage,  high  in  idtamin  G,  does  not  produce  good  milk. 

Dahle  (66)  noted,  in  1936,  that  th3  addition  of  Tmtamin  G  to  susceDtible  milk 
wonld  prevent  the  occurrence  of  tcilowy  or  oxidized  flavor.     VJhen  oxidized  flavor  had 
occurred  naturally  in  milk,  the  vitaMn  0  was  greatly  reduced. 

In  1937,  Brown  et  al«   (44)  found  that  pure  crystalline  ascorbic  acid  fed  to 
cows  at  the  rate  of      gram  daily  greatly  decreased  the  tendency  for  oxidized 
flavor  to  develop  in  the  milk.    From  the  results  of  the  experiments,  it  appeared 
reasonable  to  conclude  that  vitamin  G  in  the  rations  of  dairy  cows  may  reduce  or 
entirely  eliminate  the  susceptibility  of  their  milks  toward  the  development  of  oxi- 
dized flavor. 

When  the  oxidized  flavor  occurred,  the  vitaiTiin  G  content  was  diminished,  as 
reported  by  Dahle  and  Palmer  (7l),  in  1937.     The  heating  of  the  milk  to  145° 
for  30  minutes  caused  little  reduction  of  the  vitamin  C  content,  and  heating 
the  milk  to  170°  to  180°  F.  caused  still  less  reduction.    It  was  concluded  that 
the  factor  responsible  for  the  development  of  oxidized  flavor  was  not  necessarily 
responsible  for  the  reduction  of  the  vitamin  G  content  of  the  milk. 

Hand  et  al.  (137)  found,  in  193S,  that  the  addition  of  0,005  to  0.01  per- 
cent of  ascorbic  acid  delayed  the  development  of  the  oxidized  flavor  in  the  milk^ 

Gutiirie  et  al.    (I3I)  reported,  in  1938,  that,  in  genaral,  there  was  a 
relationship  betvjeen  the  factors  which  accelerate  the  rate  of  oxidation  of 
ascorbic  acid  and  the  production  of  the  oxidized  fl^-^.vor. 

Samples  taken  throughout  the  year  of  commercial  Grade  A  raw,  irradiated 
pasteurized,  and  regular  pasteurized  milk  were  titrate'l  for  ascorbic  acid  content 
and  on  the  third  day  were  examined  for  development  of  oxidized  flavor  by  Trout  and 
Gjessing  (299) ,  in  1939.  The  samples  of  stored  irradiated  milk  had  a  strong  oxi- 
dized flavor,  from  late  fall  to  early  spring  during  the  experimental  year.  The 
Scjnples  of  Grade  A  raw  milk  had  a  less  ^^x-onounceoc  oxidized  flavor  during  this 
period,  Imt  the  off -flavor  was  still  troublesome.     Wo  oxidized  flavor  was  noted 
in  the  regular  pasteurized  milk  throughout  the  year.     The  average  first  day  values 
of  ascorbic  acid  in  the  Grade  A  milk  studded  were  6.0,  10. 5 >  8.8,  and  7*7  milli- 
grams per  liter  during  winter,  spring,  vSinnmer,  and  fall,  respectively;    the  aver- 
age values  for  pasteurized  irradiated  milk  were  7e2,  11.1,  14.2,  ani  10«9  milli- 
grams per  liter;  and  for  regular  pasteurized  milk  the  averages  were  9.9,  12.9? 
13.0,  and  13.0  milligrams  per  liter  of  milk. 
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In  1939j  Brown  at  al,   (4^)  reportad  that  ascorbic  acid  fed  to  cows  at  the 
rate  of  1  grciin  per  day  reduced  considerably  the  tendency  for  netal-induced 
oxidized  il-vcr  to  develop,  al t'oough  it  did  not  materially  increase  the  as- 
corbic acid  content  of  the  nilk. 

Beck  et  al.   (M)  ?        1939^  found  ^o  relation  between  the  ajnount  of 
^dtairdn      in  the  oripinal-  nilk  or  between  the  ojnotint  of  vitaiain  0  lost  during 
3  days  storage,  and  the  development  of  oxidized  flavor. 

Greenbanic  (l2l) »  in  194C,  conducted  experiments  to  detomine  v/hether  the 
c:j:iounts  of  ascorbic  acid  necessary  to  inhibit  oxi'dized  fle-Yor  forma  tion  wo^jld 
fall  T/ithin  the  range  of  values  for  the  amount  of  this  compound  norrially  present 
in  nilk.     The  results  indicated  that  the  presence  of  ascorbic  acid  can  prevent 
the  produ-ction  of  oxidized  flavor;  however,  the  amounts  required  were  g^reater 
than  the  p':obable  normal  variations  in  this  constituent. 

l-Jeinstein  et  al.    (31^  found,  in  1940,  th...t  the  addition  of  35  nilligrams 
of  ascorbic  acid  per  liter  of  milk  prevented  the  development  of  oxidized  flavor 
in  milk  processed  with  stainless  steel  end  well  tinned  equipment,  whereas  a 
high  percentage  of  unfortified  samples  became  oxidized  during  storage  at  40°  F. 
for  72  hours.     Tiirty>-five  milligrams  of  ascorbic  acid  did  not  prevent  flavor 
development  of  sam.ples  with      p.p.m.  added  copper:  50  milligrams  of  ascorbic 
acid  did  not  prevent  flavor  development  of  samples  with  -g-  p.p.m.  added  copper. 
Fifty  milligrams  of  ascorbic  acid  in  milk  with  -5-  p. p.m.  of  added  copper  and 
150  milligTsms  of  ascorbic  acid  with  1  p. p.m.  added  copper  prevented  the  oxi- 
dized flavor. 

From  experim.ental  results  in  1941  j  it  appeared  to  BrowTi  et  al.   (46)  that 
ascorbic  acid  in  milk  played  a  minor  role  in  the  susceptibility  of  mdlk  to 
metal-inhaced  oxidized  flavor. 

Brown  et  al.   (.z?)  ,  in  19/1,  concluded  that  the  level  of  the  ascorbic 
acid  in  the  milk  m.ight  not  be  ?;.s  gr:^. at  a  factor  in  the  production  of  nilk  v.lth 
lo  ■  SU3C  3"itibility  to  oxidized  fla^ror  as  a-as  formerly  believed.     A  decrease 
in  the  azcorbic  acid  content  of  milk  did  net  mroduce  a  corresaonding  increase  in 
intensity  of  m.otal-induced  o::idized  flavor. 

In  19.'A^  Garrett  (99)  reported  that  divalent  manganese  had  no  effect  on 
the  rate  of  deterioration  of  ascorbic  acid  in  uncontaminated  and  ccpper-con- 
t^ninated  milk. 

Hartmian  and  Garrett  (142),  in  1942,  recomjr.ended  titratio?i  of  plant 
sainples  of  rdlk  lor  ascorbic  acid  on  3  or  4  successive  days  to  reveal  any 
abnomal  rate  of  oxi:!atio'o.     Such  procedure  might  lead  to  the  ae taction  of  a 
hidden  source  of  copaer  contamination. 

In  19^2,  Broim  and  Olson  (^2)  determined  that:     v^shed  cr:.rn  fortified  xith 
ascorbic  acid  (210  iailligaa:is  per  liter)  or  with  dehydroascor-ic  acid  (4C  to  200 
milligrams  per  liter)  and  contcminated  :mth  copper  developed  a  strong  oxidized 
flavor.     A  0.1  p3rcent  potassium  iodiae  concentration  prevented,  in  miost  cases, 
the  development  of  cm.idized  flavor  in  ^.-ashed  crearx  contaminated  adth  copper  and 
containing  210  nilligrams  of  ascorbic  acid  per  liter.     These  authors  (224)  also 
found  that  v;ashed  crerm  from  nonsusceptible  milk  developed  an  oxidized  flcMDv 
when  contaainated  adth  copper  anc!  fortified  xdth  ascorbic  acid.     It  was  postulated 
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that  ascorbic  acid  in  milk  was  oxidizod  by  cop^^:3r  ions  giving  hydrogen  pe:' oxide  as 
a  product;  the  hydrogen  peroxide  \ms  then  thouf:';ht  to  oxidize  the  phospholipids  of 
milk  producing  oxidized  flavor.    Thiamine pyridcKine ,  riboflavin,  and  cysteine  in 
the  presence  of  copper  did  not  cause  the  development  of  oxidized  flavor  in  washed 
cream, 

Leeder  and  Herreid  (190 )  <  in  194-2,  found  that  partial  evacuation  and  storage 
of  milk  under  a  23"  to  25"  vacuum  decreased  the  rate  of  ascorbic  acid  and  oxygen 
loss,  and  resulted  in  only  one  instance  of  oxidized  flavor.    Less  ascorbic  acid  was 
lost  from  vat-cooled  than  from  surface-cooled  milk.    Oxidized  flavor  did  not  appear 
in  vat-cooled  milk  but  often  appeared  in  surface-cooled  milk  when  held  2  days . 
More  ascorbic  acid  was  lost,  after  2  days  storage,  in  surface-cooled  milk  than  in 
vat-cooled  milk.    It  was  found  that  milk  might  exhibit  en  oxidized  flavor  even 
though  some  ascorbic  acid  remained  after  2  days  holding;  on  the  other  hand,  the  milk 
might  show  no  oxidized  flavor,  yet  contain  but  little  ascorbic  acid. 

In  1943 >  Hartman  and  Garrett  (1A.3)  determined  that  the  two  oxidative  -reactions 
that  occur  in  milk,  involving  ascorbic  acid  and  the  development  of  oxidized  flavor, 
are  independent  of  each  other.     Ascorbic  acid,  however,  was  more  easily  oxidized 
than  was  the  fatty  substance  involved  in  the  development  of  oxidized  flavor.  Gon->- 
sequently,  ascorbic  acid  was  oxidized  first  and  accordingly  acted  as  an  antioxidant 
in  that  its  presence  delayed  the  onset  of  the  second  reaction. 

Epple  and  Horrall  (87),  in  1943 ^  reported  that  milk  pasteurized  in  a  tinned 
copper  container  had  less  copper  contamination  than  that  pasteurized  in  a  stainless 
steel  tube  with  alloy  fitting,  the  ascorbic  acid  oxidized  at  a  slower  rate,  and  no 
oxidized  flavor  developed.     The  loss  of  ascorbic  acid  due  to  pasteurization  in  stain- 
less steel  or  glass  \ms  only  slightly  more  than  the  loss  in  samples  of  the  same  milk 
held  24  hours  without  pasteurization. 

The  results  of  experimentation  by  Olson  and  Brown  (222.),  in  1944?  indicated 
that  the  development  of  oxidized  flavor  in  milk  was  closely  associated  with  the 
ionization  of  copper  and  its  destruction  of  ascorbic  acid.     The  authors  stated  that 
apparently  anything  which  decreased  the  ionization  of  copper,  \puld  in  turn  retard 
the  destmction  of  ascorbic  acid  and  tend  to  retard  oxidized  flavor  development* 
Citric  acid  and  amino  acids  formed  complex  ions  mth  copper  thus  removing  copper 
ions  and  protecting  the  ascorbic  acid. 

Krukovsky  and  Guthrie  (181),  in  1945?  stated  that  the  ascorbic  acid  oxida- 
tion in  milk  during  storage  at  low  temperature  was  an  essential  link  in  the  chain 
of  reactions  resulting  in  the  development  of  the  tallo-u/y  flavor.    This  reaction 
could  be  inhibited  by  the  quick  and  complete  photochemical  or  chemical  oxidation 
of  ascorbic  acid  to  dehydro ascorbic  acid  prior  to  pasteurization  and  stoijge. 
Partial  oxidation  of  ascorbic  acid  stimulated  development  of  the  talloT.-jy  flavor. 
Tallowy  flavor  was  not  promoted  by  0.1  p.p.m.  copper  in  milk  completely  depleted 
of  all  vitamin  C  by  quick  oxidation  of  the  ascorbic  acid  to  dehydro ascorbic  acid 
and  subsequent  pasteurization.     The  reaction,  however,  producing  tallov.y  flavor  \ias 
again  induced  by  adding  ascorbic  acid  to  this  railk. 
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In  194.6,  luTukovskj  and  Guthrie  (182 )  presented  evidence  to  show  that  a 
proLK)ter  (an  ens-me)  of  ascorbic  acid  c::iaation  by  H2Q2  mi^t  have  been  responsibL 
for  its  (Tuick  conversion  to  deh^dro ascorbic  acid,  and  ti^at  it  was  not  the  free 
formed  in  the  course  of  ascorbic  acid  oxidation  vr-ich  caused  the  broakdo;^- 
Di  the  lipid  fraction  of  the  rdlk,  resulting  in  the  development  of  the  talloi.y 
flavor.     The  roaction  which  "oroduced  the  tallowy  flavor  was  catalyzed  by  added 
copper  in  the  oresence  of  H2Q2  pr ovidl ng  the  agent  was  added  to  milk  completely 
depleted  ot  its  total  vitc^n  C  cOxii^ent  by  a  rapid  oxidative  method,  or  the 
amount  of  the  agent  added  was  in  excess  of  that  required  to  oxidize  its  ascorbic 
acid  content. 

In  194.9,  Guthrie  an::  rlrukovsky  (l32)    found  that  milk  from  which  the 
vitcmin  C  had  been  oxidized  completely  by  sunlight,  \d.th  or  without  added 
cop-:er,  did  not  develop  oxidized  flavor  in  7  da^'s  in  either  homogenized  or  un- 
hom.ogenized  saiiples,     Tlie  addition  of  commercial  vitamin  C  to  rdlk  from  which 
the  original  vitamin  G  had  bean  eliminated  rasulted  in  oxidized  flavors  like 
those  produced  in  the  sariples  from  which  the  original  vitemdn  G  had  been  elim- 
inated,   VJhen  vitamin  G  in  homogenized  or  unhomogenized  milk  was  oxidized 
partially  by  sunlight,  \-dth  or  without  added  cop-)er,  the  sample  of  mdlk 
quiclcLy  develoDed  a  "very  oxidized"  flavor.     The  development  of  oxidized  fla- 
vors as  affected  by  t)ie  differont  factors  studied  was  the  same  whether  the 
mdlk  was  pastev.rized  before  or  after  horxOgenization, 

In  1951,  Forster  and  Soramer  (22.)  reported  that  although  the  addition 
of  ascorbic  acid  to  washed  crof.m  induced  development  of  an  oxidized  flavor,  a 
similar  addition  to  susceptible  lailk  v^^uld  retard  or  prevent  the  fla\'"or  develop- 
ment,   Tliey  presented  two  possible  e:cplanations :     (l)  Assumdng  that  ascorbic 
acid  acts  as  a  hydrogen  carrier,  the  excess  am.ount  added  to  the  mdlk  may  simply 
be  acting  as  an  antioxidant;  or  (2)  the  ascorbic  acid  might  react  vdth  some  con-^ 
stituent  of  the  milk  serum,  being  oxidized  itself  while  the  other  constituent 
is  reduced. 

Acidity 

In  1937,  Anderson  et  al.   (^    reported  that  obsorvationE  concerning 
oxidized  flavor  in  pasteurized  rdlk  in  a  commercial  plant  indicated  that  the 
defect  might  be  associated  with  the  apparent  acidity  of  uie  milk.     The  neutraliz- 
ing of  high-acid  mdlk  to  0,145-percent  acidity  or  lower  was  effective  in  the 
prevention  of  oxidized  flaa^or  in  pasteurized  mdlk.    Neutralization  to  O.lp-per- 
cent  acidity  did  not  prevent  the  devilopment  of  oxidized  flavor  in  all  cases, 
Mlk  of  high  apparent  acidity  invariably  developed  an  oxidized  fla^^r  upon 
pasteurize. tion.     Ihe  senior  author  (2)  reported  r-^-^-*     "^pI  :* -nforTu  tion  in  1937. 
It  was  found  that  raw  milk  ^ath  high  apparent  acidity- (^49  percent)  did  not 
develop  oxidized  flavor  in  a  72-hour  period,    r beui'xzed  samples  in  four  out 
of  seven  trials  developed  the  off-flainDr  in  72  hoin's.    At  intervals  the  milk 
was  neutral:^ -^ed  to  below  0,15-p3rcent  acidity,     None  of  these  sai-n^^les  developed 
oxidized  flavor  in       hours.    Ordy  in  two  out  of  seven  trials  did  some  saPxples 
of  milk  develop  an  oxidized  flavor  in  72  hours. 
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Brown  and  Dustnan  (^2)  reported,  in  1939,  thc,t  thare  did  not  appear  to  be 
any  relationship  between  the  acidity  of  freshly  drawn  rnilk  and  the  intensity  of 
netal-develo'^ed  oxidised  flavor.     Standardization  of  the  acidity  of  fresh  railk  to 
Oel3  percent  did  not  prevent  the  development  of  the  oxidized  flavor  v.'hen  copper 
was  added  after  pasteurization. 

Lecithin,  Lipids 

In  1930,  Davies  (2i)  reported  that  the  lipids  were  more  active  chemically  than 
the  fats  and  we;.^?  likely  to  suffer  oxidation  first, 

Thurston  et  al,    (2B8)  found.,  in  1935,  that  lecithin,  rf.ther  than  butterfat, 
appeared  to  be  the  conrtituent  of   lilk  affected  vhen  oxidized  flavor  developed.  It 
was  foimd  that  butte.r  oil,  fx-eu  or  practically  free  of  lecithin,  prepared  by  washing 
butterfat,  became  tallo\;y  when  oxygen  was  bubbled  tlirou;;,h  it.    llilk  oxidized  by  tlrjo 
addition  of  ferrous  chloride  and  low-teraperature  stora^-e  had  a  distinctly  different 
oily-stale  flavor.     The  results  indicated,  according  to  the  authors,  that  the  so- 
called  oxidized  flavor  \;as  not  identical  with  the  tallow-''  flavor  of  oxidized  butter- 
fat. 

In  1935,  Ohilson  reported  that  the  oxidized  fla^/or  of  v/hole  milk, 

coTnmonly  known  as  "cappy,"  "paper,"  or  "cardboardy,''  appeared  to  be  caused  by  an 
oxidation  of  the  lecithin  or  :ainilar  substances  absorbed  on  the  fat  globu.le  rather 
than  the  oxidp^--^* on  of  t^-^o  -f--^-^  f.-.t.    He  stated  that  the  :-l^.-.vor  known  as  "tallow^,^" 
was  r)roba^  '  y  due  to  an  oxidation  of  the  oleic  acid  of  the  true  fat. 

Dahle  (66)  reported,  in  1936,  that  the  fat  rlobule  membrane,  phospholipids, 
is  susceptible  to  oxidation  and  might  react  before  the  fat  itself.     Dahle  and  Palmer 
(71),    in  1937,  reported  additional  vjork  and  concluded  that  the  spontaneous  oxidized 
flavor  in  milk  is  due  to  the  oxidation  of  the  phospholipids  fraction  of  the  fat  ^dobule 
membrane  (lecithin)  and  the  butterfat. 

Holand  and  Trebler  (2p8) ,  in  1937,  found  that  the  mechanical  separation  of 
milk  produced  a  marked  decrease  in  its  sensitivity  to  copper-induced  oxidized  flavor 
as  S'^own  by  tests  on  milk  made  l"y  recomJiining  cream  and  skim  milk.     Hemoval  of 
lecithin  or  related  substances  by  the  separation  or  changes  in  their  distribution 
between  the  fat  and  the  aqueous  phase  might  have  been  responsible  for  the  decreased 
sensitivity. 

Dahle  (67). stated ,  in  1937,  that  the  fractions  of  mdlk  which  are  responsible 
for  off-flavor  aie  the  lecithin  of  the  fat  globule  m.embrane  which  undergoes  oxida- 
tion first  and  then  the  milk  fat  itself. 

Josephson  :;,nd  Joan  (I68),  in  1939,  concluded  from  their  studies  that  the 
phospholipid  of  milk  v/as  the  substance  responsible  for  the  tallowy  flavor,  but  that 
the  protein  of  the  fat  glolmle  mxembrane  played  a  part  in  the  reaction  causing  the 
flavor  development. 

In  1939,  Beck  et  al,   (36)  found  no  relation  between  the  frequency  of  occurrence 
of  oxidized  flavor  and  the  lecithin  content  of  the  milk. 
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Sv^nson  and  Somraer  (276) ,  in  1940,  concluded  that  the  development  of 
oxidized  flavor  in  milk,  catalyzed  by  copper  was  primarily  due  to  the  oxida- 
tion of  the  phospholipid  fraction, 

Gould  et  al.   (118),  in  194-0,  reported  the  results  of  analyzing  198 
samples  of  milk  for  lacithin  content.    They  found  that  feeds  did  not  injfluence 
the  lecithin  content  and  that  there  was  no  relationship  observed  between  the 
susceptibility  of  milk  to  copper-induced  oxidized  flavor  and  the  lecithin  con- 
tent. 

"  In  1951 ^  Holm  (159)  stated  that  the  lipids  were  involved  in  a  greater 
number  of  types  of  spoilage  than  was  any  other  class  of  milk  constituents^^  v 

Fat 

In  1937,  Roland  and  Trebler  (25S)  reported  that  the  sensitivity  of  stand- 
ardized milk  and  cream  to  copper-induced  oxidized  flavor  appeared  to  be  definitely 
related  to  the  composition  of  the  products  as  determined  by  the  fat  content. 
A  variation  of  1  percent  fat  in  the  range  of  whole  milk  was  detected  by  a  signif- 
icant change  in  the  flavor  score. 

ibland  et  al,   (2^7)  found,  in  1937,  that  the  fat  content  of  milk  having 
oxidized  flavor  v;as  generally  higher  than  the  fat  content  of  milks  free  from 
the  defect.    Milks  of  premium  grade,  generallj^  high  fat  content  and  low  bacterial 
court,  were  found  to  have  oxidized  flavor  much  more  frequently  than  did  the 
standard  grade  of  milk,  generally  low  fat  content  and  high  bacterial  coui-.t. 

Beck  et  al.   (^6)  reported,  in  1939,  that  there  appeared  to  be  a  rela- 
tionship between  color  intensity  of  the  milk  fat  as  produced  by  different  breeds 
of  cows  and  the  development  of  oxidized  flavor.    Oxidized  flavor  was  m^ore  prevalent 
in  milks  that  v;ere  beloi;  breed  average  in  fat  color  intensity. 

Corbett  (5S)  stated,  in  1942,  that  oxidized  flavor  could  be  developed 
in  milk  in  which  the  fat  globule  membrane  had  been  removed,  proving  th^.t  oxidized 
flavor  can  result  from  oxidation  of  the  bi^tterfat. 

In  1943,  Cbrbett  and  Tracy  (2£)  found  that  there  appeared  to  be  no 
correlation  between  the  development  of  oxidized  flavor  and  x-zeekly  milk  or  butter- 
fat  yield. 

I^rukovslr^  et  al.   (l8^) ,  in  1949?  reported  that  a  significant  correla- 
tion v/as  found  between  the  tocopherol  content  of  milk  fat  and  the  ability  of 
milk  to  Tssist  the  reaction  which  produces  oxidized  flavors. 

Enzyme 

In  1917,  Thatcher  and  Dahlberg  (282)  reported  that  no  oxidase  was  found 
in  milk  or  bu.tter. 

. Kende  (176) ,  in  1931,  stated  that  oiliness  of  whole  milk  was  caused 
by  an  oxidizing  enzyme  contained  in  the  milk.    The  appearance  or  absence  of 
the  oily  taste,  its  intensity,  and  the  moment  v/hen  the  defect  appeared  or  dis- 
appeared was  found  to  be  caused  by  an  interaction  of  the  following  factors: 
Interior  .-jid  exterior  metal  contamination;  oleinase  content;  and  reductases. 
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In  1935,  D0,hle  (6S_)  found  that  milk  from  certain  cov/s  developed  an  oxidized 
flavor  in  4,8  to  60  hours  at  4.0°  F.     Tae  he.rting  01  the  ^ilk  to  l^f  for  30  minutes 
intensified  the  flavor;  heating  to  175°^.  eliiiiinated  the  oxidised  flavor.    He  stated 
that  these  facts  pointed  to  the3  presence  of  an  oxidase  enzyrae  as  the  cause. 

Ohilson  (^),  in  1935 >  reported  that  an  oxidizing  ens^Tne  v/as  present  in  the 
skim  milk  which  acted  on  the  fat  phase  of  the  milk  to  produce  the  oxidized  flavor. 
The  enzyme  appeared  to  be  present  in  smaller  quantities  in  summer  than  in  v/inter. 
The  oxidized  flavor  due  to  enzyme  action  was  prevented  by  heating  the  milk  to  170^ 
for  10  minutes.     The  flavor  did  not  develop  in  4-"PGi''cent-reconstituted  milk  from 
skim  milk  heated  at  170°  F.  for  10  minutes  and  in  unheated  cream,  but  the  flavor  did 
develop  in  unheated  skim  milk  and  in  cream  heated  at  170°  F,  for  10  mdnutes. 

In  1936,  Sharp  et  al.    (269;  stated  that  the  effect  of  high  temperatures  of 
pasteurization  in  retarding  the  development  of  the  oxidized  flavor  and  the  destriic- 
tion  of  ascorbic  acid  could  be  explained  by  assuming  the  destruction  of  enz^nnes  which 
if  present  accelerated  these  changes,  and  that  the  enzymes  survived  pasteurization  at 
14.5°  'T'-iQ  acceleration  effect  of  soluble  copper  on  the  development  of  oxidized 

flavor  and  the  oxidation  of  ascorbic  acid  was  much  more  pronounced  in  the  presence 
of  the  active  enzjnne. 

Dahle  and  Palmer  (7l) ,  in  1937,  found  that  an  enzymelike  factor  responsible 
for  the  oxidized  off-flavor  was  carried  in  the  plasma  and  serum-  of  the  m.ilk. 

In  194-0,  Tornlinson  (290)  reported  that  no  evidence  could  be  found  to  confirm 
the  theory  that  the  development  of  oxidized  flavor  was  due  to  an  enzyme.     The  main 
evidence  in  support  of  the  enz^Tue  theory  was  the  inhibition  by  heat  treatment. 
Data  indicated  the  effect  of  heat  treatment  might  be  the  result  of  chemical  changes 
in  the  albumin  fraction  of  the  milk. 

In  1942,  Brown  and  Olson  (42)  reported  work  v;hich  indicated  that  no  enzyie 
Tjas  involved  in  the  production  of  an  oxidised  flavor. 

Carotene 

Dahle  (66),  in  1936,  stated  that  carotene  did  not  have  antioxidative  properties. 

Beck  et  al.    (^6)  reported  .  in  1939,  that  the  develo^iment  of  oxidized  flavor 
in  raw  milk  was  effectively  prevented  by  feeding  as  little  as  20G  milligrams  of 
carotene  per  head  daily  to  cows  that  had  been  consistently  producing  milk  with  this 
off-flavor. 

In  1941,  Brown  et  al.   (4I)  reported  that  results  of  tests  indicated  that  the 
amount  of  carotene  in  butterfat  might  not  be  the  substance  rer^ponsible  for  the 
reduction  in  susceptibility  of  milk  to  oxidized  flavor.     It  appeared  that  some  suid- 
stance  or  substances  associated  mth  it  probably  had  a  grea  ter  effect  than  did  the  carotene 
itself. 

Albumin 

In  194-0,  Tornlinson  (290)  stated  that  the  addition  of  albujnin  before  heat 
treatment  (80°  C.  for  30  minutes)  did  not  decrease  the  rate  of  oxidation  of  ascorbic 
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.--..".id  in  jailk  cftar  hoatiag,  althougli  it  did  prevent  the  davel.opment  of 
flavor. 

Oxygen 

Browne  (4S),  in  1925,  advanced  the  theo      that  the  disintegration  of  the 
fcts  of  nilk  was  prirria::'ily  caused  hy  the-  acti-^n  of  nascent  oicyren,  one  at  on  of 
•rhich  was  liberated  for  each  atom  of  oxyj^en  absorbed  at  the  points  of  unsatura- 
tion. 

In  1931,  Guthrie  et  £^1*  (133)  reported  that  aeration  during  pasteurisa- 
tion ircr.i)£3ed  the  tendency  for  the  development  of  oxidized  flavors. 

In  1937j  Daiilo  and  Pcliier  (71)  reported  that  the  renoval  of  the  oxygen 
of  s^asceptible  nilk  by  raplacenent  with  nitrogen  ^^revontod  the  off-fla^^r  and 
reduced  the  destruction  of  "'n.t.snin  G, 

Guthrie  et  al,   (131 )  stated,  in  1938,  tliat  the  dentruction  of  ascorbic 
acid  and  the  developnent  of  oxidized  flavor  in  nilk  v/ere  largely  or  completely 
prevented  by  removal  of  dissolved  oz-zygen. 

In  1938,  Hand  et  al.   (137)  deterrainod  that,  by  utilizing  water  vapor  generated 
in  the  nilk  by  vacuun  distillation  to  3:;eep  out  the  oxygen  an  i  preventing  x-e~ 
absorption,  flavor  defects  due  to  oxidation  can  be  avoided. 

Leeder  and  Herreid  (lS9)  ^  in  1940,  stated  that  the  evacuation  an.=  storage 
■'^der  partial  vacuun  dininished  t.ie  o^rj-en  content  of  the  nilk  and  tended  to 
.-•educe  the  developnent  of  oxidized  flavors. 

Sharp  et  al.   (260),  in  194-0,  reported  results  indicating  that  narket  nilk 
could  be  deaerated  cheaply  and  easily  by  a  continuou.s  process.    Deaerated  nilk 
had  a  gr":atly  increased  resistance  to  "he  develo^-f^^nt  of  oxidized  fla^/or  .md  th3 
ascorbic  acid  renains  stable.     Th.ese  authors  ""267)  reported  additional  irifomation 
in  I94O0    Tliey  found  that  as  the  tenperature  v/as  raised  oxygen  was  elininated 
and  that  v±ion  milk  was  agitated  at  the  lower  tenperature s ,  oxygen  was  absorbed ^ 
A  correlation  existed  between  high  oz-zygen  content  of  the  nilk  and  the  iniensity 
of  the  oxidized  flavors.     It  was  s"D\.n  that  deaerated  sazrples    of  nilk  did  not 
develop  oxidized  fl£;vor  and  thot  check  sai.iples  did. 

In  1942,  Sharp  et  al.    (2SS)  stated  that  little  difficiaty  with  oxidized 
flavor  and  the  oxidation  of  ascorbic  acid  should  be  expected  if  the  o:^'-gen 
content  of  the  nilk  were  kept  below  about  0,4  to  0.5  nilligran  per  liter » 

Gutlu^ie  (126),  in  1946,  reported  the  o---gen  content  of  nilk  night  vary 
fron  zero  or  near  that  point,  in  the  udder ^  to  a^'-out  11  nilligrans  per  liter ^ 
in  the  bottle,  of  undeaerated  nilk.     An.  internittent  deaeration  was  used  in  a 
seizes  of  ex\Derinents.    Flavor,  after  7  da^^s  of  storage,  was  "good''  for  the 
deaerated  nilk  but  was  "poor"  for  undeaerated  nilk  because  o-^  oxidized  flavor. 
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Processinf::  Fc^ctors 

liono  denization 

In  1933,  Tracy,,  ot  ale   (£95.)  st::tGd  th;  t  th^j  effect  of  homo  denization  in  re- 
ducing tallowiness  nipiht  be  due  to  a  difference  in  the  taste  r-eaction  rather 
than  to  any  reduction  in  the  intensity  of  the  oxide, tion  of  the  Imtterfato 

Thurston  et  al»   (267),  in  1936,  reported  that  homogenization  at  pressures 
as  low  as  500  pounds  either  reduced  the  intensity  of  the  oxidized  flavor  resulting 
after  the  addition  of  copper  or  prevented  the  off -flavor  altogether^     At  a  pressure 
of  3,000  Dounds  there  yas  no  case  of  oxidized  flavor*    Homogenization,  prolonged 
agitation  at  low  temnerature,  and  freezing  and  thav/ing  (frozen  at  O*-'        stored  24- 
hours,  thawed  at  70°  F, )  of  nil!:  redrco'I  or  3lin?.nated  its  rusceptibility  to  oxidized 
flavor  developments. 

Dahle  (67),  in  1937,  r:Dported  that  hc' .o,_^enization  at  a  pressure  of  2,000 
pounds  prevented  oxidized  fl.- vor  in  the  nili:.,. 

In  1937,  Ross  (259)  stated  that  oxidized  flavor  in  milk  was  prevented  by 
proper  homogenization  pressures^     Homogenization  pressures  of  500  and  1,000  pounds 
were  martially  effective;  and  a  pressure  of  1,500  pounds  prevented  the  flavor  with 
only  tvjo  exceptions  a    Homogenization  prevented  the  development  of  oxidized  flavor 
in  milk  when  copper  v/as  added  to  the  milk  after  homogenization. 

Do an  (so)  ,  in  1938,  reported  that  homogenization  would  definitely  delay  or 
even  prevent  tallowy  or  oxidized  flavor  in  market  railko     One  exception  is  that 
homogenized  milk  is  more  sensitive  to  tallo\7y  fla^/or  induced  by  sunlight  than  is 
unliomogenized  milk«> 

In  19^0,  Gould  (112)  showed  that  milk  heated  to  1^0°  P.  and  then  treated  with 
small  quantities  of  copper  salts  would  lose  its  cooked  flavor  and  become  oxidized o 
However,  if  the  milk  v;ere  homogenized,  either  before  or  after  the  addition  of  the 
copper,  the  oxidation  was  "_:)revented« 

Lc.rsen  et  alo   (187.)  ,  in  1941- ,  staled  that  homogenization  of  milk  tended  to 
vStabilize  the  milk  against  oxidation,  but  that  homogenization  had  no  influence  on 
changes  in  the  oxidation-reduction  potentials o 

Babcock  (27),  in  1942,  reported  that  homogenization  retarded  or  inhibited 
the  development  of  copper-induced  oxidized  flavor  in  milk.     This  v;as  true  when  the 
copper  contamination  occurred  either  before  or  after  homogenization^     The  degree  to 
which  homogenization  would  inhibit  or  retard  the  development  of  an  oxidized  flavor 
in  copper-contaminated  milk  and  the  susceptibility  of  homogenized  milk  to  copper- 
induced  oxidized  flavor,  depended  on  the  susceptibility  of  the  milk  before  homogeniza- 
tion.   It  required  the  addition  of  approximately  ten  tim.es  as  much  copper  to  produce 
an  oxidized  flavor  in  homogenized  milk  as  that  required  to  produce  a  similar  flavor 
in  samples  from  the  same  supply  of  milk  before  homo gen izatiouo 

In  194-2,  Corbett  (^)  stated  that  homogenization  retarded  the  development 
of  oxidized  flavor  by  enveloping  the  fat  globule  in  a  protective  casein  membrane. 
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Guthrie  and  Kiniliovsky  (132 ) ,  in  194-9 ^  fo-und  that  railk  alone,  or  in  tha 
presence  of  copper,  d^^!  not  develop  the  oxidized  flavors  in  7  dajs  when  homogen- 
ized at  oressures  of  1,000  pounds  or  nore.     The  development  of  oxidized  flavors 
as  affected  by  different  factors  in  the  study  x^as  the  same  v;hether  pasteurized 
before  or  after  hoiaogerizatione 

Krukovsky  (180)  >  in  1952,  explained  the  relative  iininunity  of  homogenized 
milk  to  oxidized  flavors  by  th:3  fact  that  in  such  milk  the  fat  remained  scattered 
and  the  unstable  lipid  component  of  the  fat-globule  membrane  was  split  and  udth- 
drawn  from  the  surface  into  the  interior  of  the  fat  globules,  where  it  was 
efficiently  protected  by  the  antioxidant  activity  of  the  fat. 

Condensing 

Corbett  and  Tracy  (60) ,  in  194-0,  found  that  condensing  milk  under  vacum 
to  a  concentration  of  approximately  2  to  1  was  found  to  prevent  the  development 
of  oxidized  flavor  in  both  the  condensed  milk  and  condensed  milk  r:^constituted 
to  the  original  solids  concentration.    Four-percent  fat  milk  made  from  condensed 
skim  milk  and  32-percent  cream  did  rot  deve'iop  ej'i  oxidized  flavor  even  when  3  P^'P. 
of  copper  v/as  added.     The  authors  thought  that  the  effect  of  conc^onsing  in  re- 
tarding oxidized  flavor  development  was  due  to  the  liberation  in  the  semam 
portion  of  the  milk  of  certain  antioxidative  constituents  that  were  probably 
derivatives  of  the  milk  protein* 

In  1943 >  Russell  and  Dahle  (263)  reported  that  concentrated  milk,  either 
condensed  or  dried,  acted  as  an  antioxidant  v/hen  added  to  fluid  milk.  High 
temperature  treatments  improved  the  antioxidant  properties  of  concentrated  milk 
High  temperatures  after  condensing,  such  as  superheating,  yere  more  vjffective 
than  similar  temperatures  applied  to  fluid  milk  in  forewarming.     Jondensed  whole 
milk  was  found  to  have  much  greater  antioxidant  effect  than  concentrated  milk. 
Concentrated  milk  added  to  samples  of  raw  fluid  milk  before  pasteurization  had 
greater  influence  than  when  added  to  samples  from  the  same  supply  of  milk  after 
pasteurization  and  cooling. 

Heating,  Pasteurization 

In  1933,  Guthrie  and  Brueckner  (130)  reported  that  pasteurization  tem-pera- 
tures  of  160^  F,  and"^ higher  for  30  minutes  a'oparently  decreased  or  even  prevented 
the  tendency  for  the  development  of  the  oxidized  flax'-ors. 

Dalile  and  Palmer  (71), in  1937,  found  that  Pasteurization  tem.'oeratures  of 
1^0^  F.  for  30  minutes  and  160^  F.  for  5  mi  mites  erlianced  the  degree  of  the 
oxidized  flavor  vAiich  might  develop ,     Heating  the  milk  to  a  temperature  of 
168'^  Fo  prevented  the  oxidized  flavor o 

In  1939,  Gould  and  Sommer  (119)  stated  that  the  sulphides  liberated  x^hen 
milk  was  heated  at  temperatures  of  80*^  C.  or  atove  explained  the  heat  retarda- 
tion and  prevention  of  the  oxidized  flavor. 

Gould,   (ill ) ,  in  1939,  stated  that  if  copper  were  added  to  milk  and  the 
milk  heated  to  84.°  to  86"^  Go,  or  above,  no  oxidized  flavor  would  develop. 
If  heated  to  a  lower  temperL.ture,  the  oxidized  flavor  would  develop.  If 
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heated  to  as  high  as  90    C,  and  then  copper  were  added 5  oxidized  flavor  i//culd  develop. 
Heating  milk  moment arilj  to  8CP  to  82°  Go?  or  above ^  prevented  the  development  of 
an  oxidized  flavor  as  induced  bv  2«8  p^pomo  of  ferrouvS  irono    This  occurred  irres- 
pective of  whether  the  iron  was  added  before  or  aftur  the  heat  treatment,,     The  appear- 
ance of  a  strong  cooked  flavor  at  the  temperatures  used  was  correlated  with  the  fail- 
ure of  th3  oxidized  flavor  to  develop^     The  liberation  of  sulphides  was  related  to 
the  cooked  fla^/or  and  prevented  the  development  of  the  oxidized  flavDro 

Josephson  and  Doan  (I68)  reported^  in  1939 <.  that  the  sulphydryl  compounds 
were  active  antioxidants  and  appeared  to  be  responsible  for  the  inhibition  of  the 
development  of  tallowy  or  oxidized  flavor  in  mill-  heated    to  temperatures  above  170*^  F, 

The  pasteurization  processes  increased  the  frequency  of  oxidized  flavors 
according  to  MacCurdy  and  Trout  (19B) ,  in  I94O0    These  authors  (122)  also  reported^ 
in  1940,  that  unaerated  and  aerated  holder  pasteurization  resulted  in  a  greater 
frequency  of  oxidized  flavors  in  the  stored  milk  than  did  vacuum  pasteurization, 

Greenbank  (121 ) ?  in  1940^  stated  that  there  was  no  indication  from  his  data 
that  heating  increased  the  susceptibility  to  flavor  fomationo    Heating  raw 
susceptible  milk  to  158°  F,  for  10  minutes  had  been  shown  to  decrease  the  Eh  value 
and  inhibit  oxidized  flavor  development «    Howev^'".,  if  sufficient  copper  were  added 
to  a  heated  sample  ^  it  woifLd  develop  the  flavoro 

Brown  and  Olson  (^) «  in  1942^  reported  that  pasteurization  of  milk  at 
180    Fo    for  5  minutes  prior  to  washing  of  the  cream  did  not  affect  the  suscepti- 
bility of  the  cream  to  oxidized  flavor  when  contaminated  with  copper o     This  re- 
vealed that  the  sulphydryls  were  contained  in  the  plasma  part  of  the  milk  and 
were  removed  sufficiently  when  cream,  vfs  washed  so  as  to  render  the  cream  suscep- 
tible to  the  developmient  of  the  oxidized  flavor  with  ascorbic  acide     This  indicated 
that  no  enzyme  was  involved  in  the  production  of  an  oxidized  flavoro 

In  1942 5  Gorbett  (28)  stated  that  high  heat  treatment  retarded  the  develop- 
ment of  oxidized  flavor  by  enveloping  the  fat  globule  in  a  protective  casein  mem- 
brane . 

Nelson  (^0^)^  in  1943,?  concluded  that  his  study  demonstrated  that  high«=grade 
raw  milk  developed  an  oxidized  flavor  after  pasteurizat:i.on  and  that  the  oxidized 
flavor  intensified  with  the  age  of  the  pasteurized  milko 

Cooling J  Storage 

Davies  (7^)?  in  1933 ^  stated  that  length  and  temperature  of  storage  were 
important  in  the  development  of  oxidi zed-fat  flavoro    Lower  tem-peratures  lowered 
the  oxygen  demand  of  micro-organisms o     Long  storage  offered  more  opportunity  for 
the  taint  to  develop o 

In  1936,  Brown  et  alo   (42)  f'ound  that  the  exposure  of  milk  to  the  air  ^ile 
being  passed  over  a  siiriace  cooler  did  not  cause  any  greater  development  of  oxidized 
flavor  than  did  the  passage  of  milk  through  an  internal  cooler o 

])4a.caurdy  and  Trout  (198)  reported,,  in  1940^  that  the  storage  of  milk  at  40^  F„ 
for  3  days  increased  the  frequency  of  oxidized  flavors  in  pasteurized  niilko 
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Qreenbank  (l2l) ,  in  1940,  stated  that  oxidized  flavor  developed  raore 
rapidly  and  to  a  greater  intensity  in  milk  stored  at  l,4-°        than  in  milk 
stored"  at  19.4°  Fo 

In  194-2,  Gorbett  (^)  foimd  that  the  development  of  oxidized  flavor  could 
be  prevented  by  storing  milk  under  several  atmospheres  of  carbon  dioxide » 
Storing  milk  under  atmospheres  of  nitrogen  hastened  the  development  of  oxidized 
flavor o 

Bacteria 

In  1927,  Mat tick  (211)  reported  that  bacteria  acted  as  a  retarder  in  the 
development  of  oiliness  in  milk  by  absorbing  oxygen  or  by  producing  acid  or  both« 

Davies  (74)  found,  in  1933,  that  a  higher  copper  content  yould  be 
necessary  to  give  a  taint  (oxidized)  in  milk  of  high  bacterial  count,  and 
that  such  a  count  might  prevent  the  taint. 

Tracy  et  al.   (295) ^  in  1933,  reported  that  bacteria  had  the  power  to  re- 
tard the  development  of  tallowy  flavor.     Cream  stored  at  40°  F.   (2.6  p,p,mo 
copper  added)  becsne  tallov;;^^,  but  at  2  days  storage  at  70°  F.  no  tallowy  flavor 
was  discernible.     Good  quality  (low  bacteria)  milk  was  more  likely  to  become 
tallo\^yo 

Roland  et  al.   (257) ^  in  1937,  reported  that  bacterial  counts  on  milk  of 
oxidized  flavor  were  generally  lower  than  counts  on  milk  free  from  this  defect. 

Incubation  of  milk  at  98^  F.  for  4  hours  and  addition  of  starter  culture 
delayed  or  prevented  the  development  of  oxidized  flavor,  as  reported  by  Ddile 
(67) ,  in  1937o 

Webb  and  liileman  (309)    in  1937,  stated  that  the  decreased  su,^ceptibility 
of  summer  milk  to  oxidized  flavor  development  di  d  not  appear  tc  be  du^  to 
bacteria o 

Leedar  and  Herreid  (lS9)  stated,  in  1940,  that  the  growth  of  bacteria 
in  milk  held  at  atmospheric  pressure  dimirished  the  o:cygen  content  and  tended 
to  reduce  tho  development  of  oxidized  flavor o 

Greenbank  (121 )  ,  in  1940,  reported  results  on  sai^ples  of  raw  milk  held  4^ 
hoiu-s  at  temperatures  ranging  from  41°  "to  68°  Fo     At  tie  end  of  the  storage  period, 
the  sample  held  at  6S°  F.  had  a  b:  cterial  ccunt  of  109,000,000  and  no  oxidized 
flavor;  the  sample  held  at  41°  F.  had  a  bacterial  count  of  5,800  and  a  strong 
oxidized  flavor g 

In  1943,  Cone  and  Eabcock  (^)  inoculated  freshly  pasteurized  rd.lk  that 
was  susceptibile  to  tie  development  of  oxidized  flavor,  either  spontaneously 
or  with  the  addition  of  not  more  than  0,1  pep.m.  of  copper,  ^^th  nine  cultures 
of  oxidase-p.-oducing  grsm-negative  bacteria.     The  inoculations  varied  from  less 
than  100  to  several  million  orgapisns  per  milliter  of  inoculated  mdlko  Tlie 
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milk  was  stored  at  4.0°  to  60°  C.  for  /+  days,     Ih  inoculated  sainple  deve'^oped  a  greater 
intensity  of  oxidized  flavor  than  that  of  the  uninoculated  controlo     Hien  large  inocu- 
lations were  used  the  oxidized  flavor  was  markedly  or  completely  inhibited.     It  was 
concluded  tho.t  evidence  was  completely  lacking  to  prove  that  the  oxidase-p reducing 
bacteria  difff^^red  greatly  with  respect  to  oxidized  flavor  in  milk  from  other  bacteria 
commonly  found  in  milko 

In  1949,  it  was  reported  (I4)    that  a  certain  type  of  bacteria,  not  common 
to  udders  J  had  been  isolated  from  cows  \/nose  milk  had  an  oxidized  flavor*     '^ifhen  pure 
cultures  of  the  bacteria  were  inoculated  into  milk  that  was  normally  free  of  oxidized 
flavor,  thera  v/as  no  flavor  development.     When  the  pure  cultures  were  inoculated 
into  susceptibile  milk,  the  developed  oxidized  flavor  became  more  intenseo 

Sterilization 

Dahlberg  and  Carpenter  (65) ,  in  1936,  reported  that  the  development  of  oxidized 
flavor  was  most  pronounced  when  chJ-orine  sterilization  was  employed* 

Antioxidants 

In  1933,  Tracy  et  al.    (g^i)  reported  that  live  yeast  cells  were  very  effec- 
tive in  retarding  fat  oxidation* 

Greenbank  and  Holm  (123) >  in  1934,  reported  that  of  the  phenols,  only  the  ortho 
and  para  types  are  active  as  antioxidants  for  fats  and  oils,     H^^^dro  qui  none  and  catechol 
were  antioxidants j  but  resorcinol  was  not.    Maleic  acid  (an  unsaturated  polybasic 
aliphatic  acid)  was  also  found  to  be  an  antioxidant  for  fats  and  oilso 

Dahle  (66),  in  1936,  stated  that  carotene  did  not  have  antioxidative  properties* 

Dahle  and  Palmer  (71 )  reported,  in  1937,  that  maleic  acid  added  to  susceptible 
skim  milk  did  not  prevent  the  development  of  oxidized  flavor, but  that  the  addition  of 
vitamin  G,  hydroquinone,  and  oat  flour  prevented  it.     Carotene  added  to  pu^re  butterfat 
was  ineffective  when  this  mixture  was  emulsified  with  susceptible  skim  milko 

In  1937,  Dahle  (67)  reported  that  the  addition  of  0,2  percent  of  oat  flour  to 
milk  prevented  oxidized  flavor, 

Dahle  and  Josephson  (70 )  ^  in  1939,  concluded  from  experiments  that  it  v/as 
apparent  that  paper  milk  bottles  made  from  paper  board  which  had  been  sized  with 
oat  flour  before  paraffining  aided  in  preventing  or  delaying  the  oxidized  flavor- 
in  market  milk* 

Josephson  and  Doan  (I68)  and  Gould  (ill)  recognized,  in  1939,  that  tha  sulphydryl 
compounds  formed  on  heating  milk  were  active  antioxidants  and  inhibitors  of  the 
developm.ent  of  the  oxidized  flavor  in  milk. 

In  1939,  -Anderson  (4)  reported  that  since  he  found,  in  1937,  that  the  addition 
of  small  amounts  of  pancreatic  enzyme  to  milk  prevented  the  development  of  o^ddized 
flavor,  14  milk  dealers  in  4  States  had  found  pancreatic  extract  effective  as  an  antioxidant: 
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Garrett  (101 ) ,  in  194-0,  reported  that  oat  flour  exhibited  definite  antioxi- 
dative  properties  in  retarding  the  development  of  oxidized  flavor  in  milk  induced 
by  ccntsinination  with  copper  or  exposure  to  sunlight. 

Nelson  and  Dahle  (218),  in  194-0,  found  that  oat  flour  inhibited  copper- 
induced  flavor  even  after  ascorbic  acid,  which  it  did  not  protect,  had  disappeared. 
Citric  acid  failed  to  exhibit  antioxidative  properties  when  added  to  milk.  The 
addition  of  very  small  arn.ounts  of  trypsin  and  steapsin  preparations  to  milk  was 
found  to  inhibit  the  development  of  copper-induced  flavor.    Pepsin  exhibited  no 
antioxygenic  properties.     Crude  sugar  and  gujn  guaiac  exhibited  antioxygenic  prop- 
erties.    Gum  guaiac  was  used  in  much  smaller  quantities  than  any  of  the  other 
antioxidants.     The  authors  believed  that  the  beneficial  effect  of  trypsin  and 
steapsin  was  due  to  their  action  on  the  fatty  material  rather  than  to  their 
action  on  the  protein  fraction  of  the  milk  or  on  the  oxidation-reduction  poten- 
tial. 

Greenbar^k  (l2l) ,  in  1940,  reported  that  hydixquinone  proved  to  be  an 
effective  antioxidant  in  preventing  the  development  of  oxidized  flavor  in  milk. 
Two  parts"  of  hydro qui.no ne  were  required  to  counteract  the  action  of  one  part  of 
copper. 

In  1940,  Doan  and  Miller  (81 )-  concluded  that  the  proteolytic  enzyme  trypsin 
in  excess  of  0.00128  percent  v/as  effective  as  an  antioxidant  in  the  presence  of 
2  p.paiio  of  added  copper  sulphate.     Bitter  flavor  and  coagulation  of  the  milk 
on  bottling  became  noticeable  when  the  amount  of  trypsin  used  exceeded  0»0064. 
percent.     The  authors  stated  that  the  antioxygenic  effect  of  trypsin  in  milk 
apparently  was  not  explained  by  the  hypothesis  that  silphydryl  compounds  were 
produced  by  the  action  of  the  proteins,  since  no  nitroprusside  reaction  was  ob- 
tainable an:l  since  there  v/as  no  measurable  stabilizing  effect  on  reduced  ascorbic 
acid. 

Josephson  and  Dahle  (167.) ,  in  1941?  reported  that,v;hen  0.02  percent  of 
a  concentrated  extract  of  v/hite  maize  flour  was  added  to  milk  which  was  subsequently 
contaminated  with  copper,  a  defirdte  antioxygenic  effect  was  noted. 

Garrett  (923 1941?  reported  that  divalent  manganese  added  to  milk  con- 
taminated with  copper  or  iron  completely  inhibited  or  greatly  retarded  the  oxi- 
dized flavor.    Metallic  manganese  exhibited  a  similar  effect.     Alinninum  did  not 
prevent  the  oxidized  flavor  in  copper-contaminated  milk. 

Corbett  {^) ,  in  1942,  reported  that  the  addition  of  certain  antioxidants 
to  milk  retarded  or  entirely  prevented  the  development  of  oxidized  flavor. 
The  most  effective  antioxidants  were  hydroquinone,  tyrosine  or  soluble  esters 
of  tyrosine,  and  a  pancreatic  extract.    Other  less  effective  antioxidants  re- 
ported were  ascor-bic  acid,  extract  of  cereal  grains,  and  certain  amino  acids. 

Brov/n  and  Olson  (42 ) ,  in  1942,  found  that  susceptible  milk  contaminated 
with  copper  and  containing  0,01-percent  potassium  iodide  did  not  develop  an 
oxidized  flavor.    Less  concentrations  of  potassium  iodide  were  ineffective 
in  most  cases. 


38 

In  194-3?  Nelson  (220)  determined  that  raw  iioilk  treated  y;i"oh  pancreatic  enzyme 
just  before  pasteurization  and  then  pasteurized  showed  the  same  oxidized  flavor  ten- 
dencies- as  untreated  railk^  except  that  the  oxidized  flavor  developed  more  slowly  and 
was  less  intense  at  the  end  of  36  hours  at  38*^  Fo 

Olson  and  Brown  (226) 3  in  19445  presented  a  possible  explanation  of  various  in- 
hibitors for  oxidized  flaT/Dr«     Thej  concluded  that  proteins .5,  citrates 3  and  amino  acids 
inliibited  the  flavor  by  forming  complex  ions  with  copper^  thus  repressing  its  ioniza- 
tiono     Tyro  sine  _5  divalent  manganese  5  lactose  j  and  glucose  inhibited  oxidized  flavor 
by  being  oxidized  by  hydrogen  peroxide thus  protecting  the  phospholipids  of  the  milk 
according  to  the  authors » 

In  1948^  Stull  et  al„   (27^)  reported  that  OoQ0125  to  0«007$  percent  nordi- 
hydro puaiaretic  acid  would  prevent  the  development  of  the  oxidized  flavor  5  days 
at  40    Co  in  whole  milk  containing  0o3  PaPoirio  of  added  copper, 

Gbilson  et  al,   (^^5  in  1950 ^  found  that  the  addition  of  propyl  gallate  to 
freshly  pasteurized  milk  at  the  rate  of " 20  milligrams  per  liter  was  found  to  prevent 
the  development  of  oxidized  flavor  effectively  for  a  14-day  storage  period  at  35^ 
It  was  eaually  effective  with  or  without  0<,5  pop*m,o  of  added  copper  in  the  milko 
Ascorbic  acidj  natural  or  added^  was  not  stabilized  by  the  propyl  gallate « 

In  1951  *  ?brster  and  Soramer  (22)    stated  that  any  treatment  of  milk'  which  tended 
to  cause  protein  hydrolysis  or  denaturation  would  expose  more  SH  groups  for  the  oxida- 
tion of  proteiuo     This^,  in  turn^  would  tend  to  retard  or  prevent  lipid  oxidation  and, 
hence,  oxidized  flavor  development.    They  found  that  manganese  salt  prevented  the 
development  of  an  oxidized  flavor  in  spontaneous  milk  and  in  susceptible  milk  con- 
taining added  copper  sulphate o     Ihe  addition  of  pure  trypsin  also  retarded  or  pre- 
vented the  flavor  development  in  spontaneoris  or  susceptible  milko 

Mattick  (gn),  in  1927^  Davies  (74).,  in  1933,  Tracy  et  al.  (291),,  ^-'^^  1933, 
Dahle  (67)^  in  1937 and  Leeder  and  Herreid  (189)^,  in  1940.,  all  reported  that  the 
growth  of  bacteria  in  milk  retarded  the  development  of  oxidized.  f2.aToro 

Krukovsky  (I8Q) ,  in  1952 0  stated  that  his  data  indicated  that  the  antioxidant 
activity  of  fat  as  deterralned  by  tocopherol  content  and  extension  of  this  activity  to 
the  body  of  milk  by  redistribution  of  fatn  played  an  im.portant  part  in  the  retardation 
or  prevention  of  reactions  which  produce  oxidized  flavors « 

Qxidation-'Reciuctaon  j^jot^^ 

In  1933 5  Tracy 5  et  alo   (2^1)  stated  that  the  oxidation-reduction  potentials 
were  related  to  fat  oxidatione 

Thurston  (2S2),,  in  1937,  reported  that  copper  and  iron  invariably  caused 
a  rise  in  the  oxidation-reduction  potential  and  the  development  of  oxidized  flavors. 
Salts  of  tin  and  aluminum^  when  added  tx)  milk^  caused  a  reduction  in  the  oxidation- 
reduction  potential  and  oxidized  flavor  did  not  develop o 

Webb  and  Hilem.an  (209)^  in  1937,  stated  that  the  development  of  oxidized 
flavors  in  milk  by  the  addition  of  copper  was  due  to  5  or  accompanied  by,  an  in- 
crease of  the  oxidation==r eduction  potential  of  the  milk  to  a  point  sufficiently 
high  to  bring  alx)ut  a  change  in  some  m_ilk  constituent*     Summ.er  milk  was  able  to 
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resist  the  development  of  oxidized  flavors  oven  in  the  presence  of  a  high  oxida- 
tionr-rediiction  potential.     It  was  stated,  that  mixed  milk  from  a  large  niimber  of 
herds  would  rarely  develop  oxidized  flavor  unless  it  was  contaminated  with  copper 
or  some  other  agent  that  x^uld  raise  the  oxidation- reduction  potential.  There 
x-7as  no  relationship  between  oxidi zed-flavor  and  oxidation-reduction  potentials 
of  the  milk  of  individual  cows.    In  such  samples,  the  flavor  could  develop  \ath  a 
very  lov/  oxidation-reduction  potential. 

Gould  and  Sommer  (119 ) ,  in  1939,  stated  that  the  liberation  of  sulphides 
was  responsible  for  the  heat  lowering  of  the  oxidc.tionr-reduction  potential  of 
milk.     Tlie  sulphides  served  to  explain  the  heat  retardation  and  prevention  cf 
the  oxidized  flavor. 

In  1940,  Swanson  and  Soimner  (277)  concluded  from,  their  studies  on  oxida- 
tion-reduction potentials  in  relation  to  the  development  of  oxidized  flavor  that 
the  Eh  value  of  the  medium  did  not  appear  to  inhibit  or  accelerate  the  development 
of  the  off-fla^Tor. 

Greenbank  (121 ) ,  in  194-0,  stated  that  his  study  showed  that  samples  of 
milk  exhibiting  a  relatively  g-reat  increase  in  Sh  vcdue  after  addition  of  copper 
v/ere  susceptible  to  oxidized  flavor  formation,  snd  that  those  sairiples  with  slight 
or  no  increase  in  Eh  value  did  not  develop  the  flavor  sufficiently  to  be  detected 
by  the  sense  of  taste.     He  stated  further  that  the  susceptibility  of  a  milk  to 
flavor  formation  might  be  correlated  \..dth  the  ease  vdth  which  its  Eli  value  changes 
in  the  presence  of  copper  salts.     The  Eh  value  was  complicated  by  the  poising 
action  (the  resistance  of  the  milk  to  change  in  potential).     If  a  sample  of  m.ilk 
were  well  poised  at  a  low  -Sh  value,  the  oxidized  flavor  wuld  not  develop.  If 
poorly  poised,  the  sample  incrsased  in  Eh  with  contsjnination  and  the  minor  con- 
stituent oxidized  to  give  the  oxidized  flavor.     Greenbank  concluded  that  by 
raising  or  lowering  the  Eli  value  of  samples  of  the  same  milk,  it  had  been  possible 
to  promote  or  inhibit  the  develo:?ment  of  the  oxidized  flavor. 

Nelson  and  Dahle  (218),  in  19^0,  reported  that  the  beneficial  effect  of 
trypsin  and  steapsin  in  retarding  the  oxidized  flavor  was  due  to  their  action 
on  the  fatty  material  rather  than  to  their  action  on  the  protein  fraction  of  the 
milk  or  on  the  oxidation-reduction  potential* 

Larsen  et  al.   (187),    in  1941- ,  reported  that  the  mechanism  by  which  homogeniza- 
tion  prevented  or  retarded  oxidized  flavor  dfevelopment  appeared  rot  to  be  associated 
with  the  oxidation-reduction  potentials. 

In  1941,  Garrett  (99)  in  reporting  the  inhibiting  effect  of  divalent  man- 
ganese on  the  development  of  oxidized  flavor  stated  that  the  manganese  had  no 
effect  on  the  magnitude  of  the  oxidation-reduction  potential  or  the  rate  of 
deterioration  of  ascorbic  acid  in  uncontaminated  and  copper-contaminated  milk. 

Detection^  Measuring:  and  Control 

In  1930,  Greenbank  and  Holm  (124-)  stated  that  the  rate  of  rediiction  of  methylene 
blue  in  a  fat  or  oil  when  catalyzed  by  light  might  serve  as  a  measure  of  the  rate 
of  reaction  of  the  initial  oxidative  processes  and  might  therefore  be  utilized  to 
determine  the  relative  susceptibilities  of  fats  and  oils  to  oxidation. 


Briggs  (2^)^)  in  1931^  reported  that  the  acidp  iodine^,  and  peroxide  values 
remain  practically  tmchanged  during  the  induction  periodo    The  acid  imlue  lagged 
behind  the  absorption  of  oxygen^  and  %)ie  peroxide  value  was  also  unsuitable  for 
ascertainir+g  the  degree  of  oxidation       autaxidation  after  the  induction  periodo 

In  1935    Dahl,e  (^)  stated  that  the  active  principle  causing  the  oxidized 
off»^flavor  in  milk  v/as  found  in  the  milk  plasma o    He  further  stated  tliat  butterfat 
lA/as  affected  as  was  indicated  by  the  iodine  number  which  decreased  in  proportion  to 
the  decree  of  flavor  presento 

Greenbank  (1221  ^  in  1936^  reported  that    experimental  \jOTk  on  oxidized 
flavor  showed s     (l)  That  elimination  of  metallic  contamination  was  the  first  step 
in  preventing  development  of  oxidized  flavDr  in  milk|  (2)  that  aeration  and  pasteuriza=- 
tion  prevented  development  unless  excessive  amounts  of  copper  were  present;  (3)  that 
the  introduction  of  green  feed  into  the  ration  was  not  always  a  preventive;  (4)  that 
the  flavor  may  develop  in  milk  any  time  in  the  lactation  period|  and  (5)  that  the 
flavor  is  the  result  of  an  oxidation  of  a  minor  constituent  of  the  milko 

Martin  (202)^    in  1937^  recommended  the  following  practices  to  minimize  or 
eliminate  oxidized  flavors  in  milk;    (l)  Use  milk  normal  in  composition^  especially 
in  respect  to  carotene;  (2)  use  milk  of  low  apparent  acidity;   (3)  use  noncorrodible 
equipment;  {U)  protect  the  milk  from  sunlight;  (5)  avoid  freezing  the  milk;  and 
(6)  shorten  the  storage  period  as  much  as  possible o 

In  1937c,  Brown  et  alo  (40)  reported  that  in  12  trials  during  the  mnter  months 
of  2  successive  years  no  measurable  change  in  the  iodine  number  of  milk  fat  could  be 
found  as  the  result  of  the  development  of  moderate  or  fairly  pronounced  oxidized 
flavoro 

Syanson  and  Sommer  (276)^  in  1940^  determined  the  iodine  ntsnbers  of  the 
phospholipid  fractions  from  normal  and  oxidized  milko    The  development  of  oxidized 
flavor  was  accompanied  by  a  marked  decrease  in  the  iodine  number  of  the  phospholipid 
fractiono    ifo  significant  difference  was  found  between  the  iodine  number  determina- 
tion on  samples  of  butterfat  from  normal  and  oxidized  milko 

In  194.0  c,  Nelson  and  Dahle  (217)  found  that  the  iodine  number  of  milk  fat  did 
not  decrease  with  the  early  development  of  the  oxidized  flavoro    They  observed  that 
milk  fat  usually  had  a  peroxide  nmber  of  zero  when  freshly  isolated  even  tvom  milk 
or  cream  having  a  strong  oxidized  flavor  which  was  carried  over  into  the  fato  They 
also  showed  that  the  peroxide  number  and  iodine  number  did  not  change  materially 
until  the  color  of  the  fat  was  alTectedo 

Brown  et  alo  (^)  reported^  in  1941^  that  in  cow  rations  low  in  fat  the  change 
in  iodine  number  of  the  butterfat  did  not  appear  to  be  correlated  with  the  intensity 
of  the  oxidized  flavor  devel0pedo 

Dahle  (^)  stated^  in  1941^ ^  -that  oxidized  flavor  could  be  prevented  by 
rejection  of  the  milk  of  the  cows  at  faulty,  correcting  feeding  practices^  homogeniza- 
tion  of  the  milk 5,  hi^  heat  treatment  of  the  milk'^  elimination  of  copper  in  direct 
contact  yiXh  the  milk  a  and  use  of  antioxidants  0 
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Corbett  and  Tracy  (^),  in  194-3  ^  concluded  that  the  seasonal  nature  of 
the  occurrence  of  oxidized  flavor  could  not  be  explained  on  the  basis  of 
changes  in  the  iodine  number  of  the  railk  fat. 

In  1951?  Dunkley  (SA)  reported  investigating  a  test  involving  the 
chemical  estination  of  oxidized  flavor  based  on  the  forraaticn  of  a  red  color 
when  oxidized  milk  was  acidified  and  heated  with  2  -  thiobarbituric  acid» 
He  stated  that  the  results  denonstrated  that  this  test  correlated  closely 
with  the  numerical  flavor  scores  of  the  milk  saT-.ples  having  oxidized  flavor 
of  varied  intensity. 

General 

Tliurston  (284.) ,  in  1935>  after  revievang  the  literature  and  his  o\m 
experience,  classified  the  various  names  used  for  oxidized  flavor  as  follows: 


(a)  Indicating  papery 
taste 


(b) Indicating  oxidation 
of  butterfat 


(c)  Indicating  taste  of 
 metals  


(1)  Capoy 

(2)  Papery 

(3)  Cardboard 
U)  Pulpy 


(1)  Oily 

(2)  Tallowy 

(3)  Oily- tallowy 
(4.)  Oily-stale 


(1)  Metallic 

(2)  Metallic-oily 


(d)  Used  by  foreiggi  investigators 


(1) 

(2) 
(3) 
U) 
(5) 
(6) 


Oleo ginous 
Ehery 
Coinindum 
Snpryrumatic 
Lo  amy-  a  s  tr  i  nge  nt 
Oily-tallowy 


(?)  Oleoginous-tallow  like 


The  author  jtated  that  the  follovdng  factors  were  causes  of  oxidized 
flavors:     (1)  iron  and  copper:   (2)  susceptibility  (some  milk  more  susceptible 
than  other  milk);  and  (3)  lighto     To  prevent  the  development  of  the  oxidized 
flavor,  he  listed  the  following  control  measures:     (l)  Elimination  of  copper 
and  iron  contamination;   (2)  growth  of  micro— organisms ;   (3)  homogenization; 
(4)  high  heat  treatment;  and  (5)  controlling  the  feed  of  the  cowSo 

Thurston  (285) ,  in  1937,  suggested  the  folloudng  classification:  (l)  Spon- 
taneous milk — develops  oxidized  flavor  without  copper  or  iron  contamination; 
(2)  susceptible  m-ilk— does  not  develop  oxidized  flavor  spontaneouslv  but  wall 
develop  i  ^  with  copper  or  iron  contamination;  and  (3)  nonsusceptible  milk- — 
does  not  develop  oxidized  flavor  even  when  copper  or  iron  is  added« 
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In  1937^  Trout  and  Sharp  (30^)  found  that  a  temperature  of  21°  Co  appeared  to 
give  least  taste  reaction  for  the  oxidized  flavor  in  railk.     Tlie  flavor  involved  an 
associated  odor  as  well  as  taste,     in  analysis  of  c o miner cial  scores  and  criticisiiis 
of  market  milk  indicated  that  the  slightly  oxidized  fls.'vor  uas  frequently  associated 
uithj  and  often  mistaken  forj  the  cooked  flavor.     At  35°        the  flavors  of  the  milk 
appeared  to  blend  so  that  the  oxidized  flavor  showed  less  distinct  characteristics* 

Boland  et  al.   (.257)  .in  1937,  reported  on  a  flavor,  fat  content,  and  bacteriologi- 
cal quality  stu.dy  of  139  ssTxples  of  comiviercial  pasteurized  milk  fr^nm  lOrVairies  ^ 
16  different  cities  during  the  winter,  1935-36c,    They  found  oxidized  flavor  to  be 
the  predoniinating  off-flavor  encountered  and  to  be  present  ;:r  I'l  percent  of  the 
sample So 

Greenbank  (l2l) ,  in  194-0,  stated  that  the  results  of  experiiPxents  appeared  to 
indicate  that  oxidized  flavor  in  milk  was  caused  by  minor  constituent  or  constituents, 
Tl'iis  was  sunported  by  the  fact  that  in  a  reducing  em/ironinent  j  such  as  that  caused 
by  the  mechanical  removal  of  air,  removal  of  oxygen  by  bacterial  grovrth^  or  presence 
of  antioxidants,  the  oxidized  flavor  did  nor  form  readil^^.     On  the  other  hand,  condi- 
tions favoring  mild  oxidation,  such  as  low  temperatures  of  storage,  presence  of 
certain  action  of  diffused  light  in  the  presence  of  metals,  action  of  sm.all  ai^iounts 
of  hydrogen  peroxide,  favor  oxidized- flavor  formation.     Tlie  author  using  poising 
(resistance  of  the  milk  to  change  in  potential)  as  a  criterion  and  Hiurston's  (285) 
classification  stated  that  spontaneous  milk  might  be  very  poorly  poised,  suscep- 
tible milk  poorly  poised,  and  nonsusceptible  milk  well  poised. 

In  1951,  Holm  (l^S.)  stt.ted  that  tallowinoss  was  oFiised  by  the  hydrolysis 
of  glycerides;  that  oxidized  flavors  generally  were  ascribed  "bo  the  oxidation  of 
phospholipids.    He  fi-irther  stated  tht.t  the  glj^-c^rides  of  milk  fat  contain  vary- 
ing eanounts  of  unsaturated  acids,  principally  oleic,  \;hich  add  oxygen  spontaneously 
to  form  hydropero:;:ides  end  subsequent  reactions  of  the  peroxides  with  the  fat. 

Keeney  and  Doan  ^  ( 1 2. 07-Q. IX*-- 72  )s .  in  1951,  in  a  series  of  studies  on  oxidized 
mdlk  fat  foLind  thfit  the  vacui'r"  di  sti  1  lation  of  oxidized  nilk  fat  yielded  material 
with  the  characteristic  flavor  and  odor  of  the  oxidized  fat,     Garbonyl  com^pounds 
\\fere  found  to  be  significant  contributors  to  the  characteristic  odor  of  oxidized 
fate     In  the  advanced  stages  of  milk  fat  oxidation,  those  authors  found  it  possible 
to  isolate  flavor  fractions  which  were  typical  of  the  earliest  stages  in  the  oxida- 
tion.    They  stated  that  changes  in  the  flavor  during  the  oxidation  were  due  to  a 
blending  of  different  flavor  compounds. 

In  1951,  I'Jeinstein  (212)  found  that  human  milk  which  contained  more  ascorbic 
acid,  less  protein,  and  which  had  a  lecithin  content  comparable  to  cow's  milk  did 
not  develop  an  oxidized  flavor  even  in  the  presence  of  0,25  p.p«m,  of  added  copper, 

Krukovsky  (I8O) ,  in  1952,  stated  that  in  fresh  milk  the  oxidized  flavors, 
such  as  challiy  and  chalky- to-soapy-talloi/y,  had  been  demonstrated  to  be  associated 
with  the  deterioration  of  milk  plasma  (skim  milk)  and  metallic  and  netpllic  to  fishy 
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flavors  with  the  deterioration  of  the  fat  glohule  membrane  and  oxidation- 
sensitive  fat,  respectively.    The  author  stated  further  that  yith  the  passage 
of  time,  flavors  in  whole  milk  containing  ascorbic  acid  and  0.1  to  0.4.  milli- 
gram of  copper  per  liter,  changed  from  metallic  to  soapy-tallox-;y,  "K-ie  soapy 
flavor  being  dominant.    With  further  increases  in  copper  content,  from  Oo5 
milligram  to  10  milligrams,  the  soapy-tallo\^'  flavors  were  superseded  by  metallic- 
to-fishy  flavors. 
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IV.-  SUNLIGHT  FLAVOR 

The  effect  of  sunlight  on  milk  vjas  noted  as  earlj  as  1920,  by  Hanmer  and  Cordes 
•     They  concluded  that  vath  sufficient  exposure  to  su.nlip:ht  a  definitely  tallowy 
flavor  vjas  produced  in  milk  and  cream,  and  v/ith  less  exposure  a  distinct  "off"  flavor 
developed.     Since  1920,  the  sunJLight  effect  has  been  reported  by  some  investi^:ators 
to  be    a  contributing  factor  in  producing  an  "oxidized"  flax^or  in  milk;  other  in- 
vestigators have  continued  to  report  the  effect  as  an  off -flavor  closely  associated 
with  oxidized  flavor  but  distinct  from  it. 

Oxidized  Flavor 

In  1930,  ;Jliitehead  (320 )  suggested  that  sunlight  catalyzes  an  oxidation- 
rediiction  reaction  in  roilk  in  vjhich  unsaturated  fats  were  oxidized  and  methylene 
blue  was  reduced. 

In  1931?  Guthrie  et  al^   (133)  stated  that  oxidized  and  related  off -flavors 
of  milk  were  caused  largely  by  copper,  and  tliat  such  reaction  was  accelerated  by 
sunlight • 

Ifeitehead  (32l) ,  in  1931?  stated  that  the  oxidation  of  fat  in  whole  milk 
under  the  influence  of  sunlight  caused  "the  development  of  a  reducing  potential. 

Davles  (76),  in  1931,  stated  that  copper,  ultraviolet  light,  and  strong 
sunlight  shortened  the  induction  period  and  caused  oxidation  in  milk, 

Davies  (74)?  in  1933?  listed  sunlight  as  an  oxygen- activating  agent,  and 
stated  that  it  might  help  the  slightly  increased  copper  content  of  milk  processed 
in  a  satisfactory  plant  to  bring  on  the  oxidized  taint. 

Dalile  and  Palmer  (71)  ,in  1937,  stated  that  the  exposure  of  susceptible 
milk  to  sunlight  caused  the  oxidized  off -flavor  to  occur. 

Hand  et  al.   (l^Z) ?  in  193B?  reported  that  the  oxidation  of  ascorbic  acid 
and  of  fat  in  milk  was  sensitive  to  variations  in  dissolved  oxygen  as  \-iell  as  to 
dissolved  copper  and  exposure  to  light. 

In  1938,  Guthrie  et  al,   (l3l)  stated  that,  in  general,  there  was  a  relation- 
ship between  the  factors  which  accelerated  the  rate  of  oxidation  of  ascorbic  acid 
and  the  production  of  tiie  oxidized  flavor  in  milk,     'These  authors  reported  that 
sunlight  caused  the  oxidation  of  ascorbic  acid.     Paper  bottles  v/ere  fou^id  to  decrease 
markedly  the  effect  of  sunlight  on  the  oxidation  of  ascorbic  acid  and  on  the  production 
of  off -flavors  in  milko 

Doan    (80) ,  in  1938,  stated  that  homogenization  would  definitely  delay  or 
even  Prevent  tallowy  or  oxidized  flavor  in  market  milk.    He  reported,  however, 
that  homogenized  milk  vjas  more  sensitive  to  tallowy  flavor  induced  by  sunlight. 
Green  glass  bottles,  or  green  cellophane  wrappers,  were  found  to  efficiently  protect 
homogenized  milk  from  exposure  to  sunlight. 
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In  194-0,  Garrett  (iQl)  reported  that  oat  flour  exhibited  definite  antioxi- 
dative  properties  in  retarding  the  development  of  oxidized  flavor  in  milk  induced 
by  contamination  with  copper  or  by  exposure  to  sunlights    He  also  reported  that 
oat  flour  impregnated  in  the  paper  from  i^^iich  milk  containers  v;ere  made  had  an 
inhibiting  effect  on  the  development  of  sunlight  flavor  in  milk»^ 

England  and  Wiedemer  (86),  in  1941?  concluded  that  increasing  the  length 
of  time  milk  was  exposed  to  sunlight  increased  the  intensit^T-  of  the  oxidized 
flavor.    Midday,  sunlight  induced  more  intense  oxidized  flavors  in  milk  in 
glass  bottles  than  did  morning  or  afternoon  sunlight, and  morning  sunlight  in- 
duced more  intense  oxidized  flavors  in  milk  in  paper  bottles  than  did  midday  and 
afternoon  sunlight.     The  exposure  of  milk  to  sunlight  at  70°  F,  resulted  in 
increased  oxidized  flavor  development  over  that  in  milk  exposed  at  40° 
Paper  bottles  offered  more  protection  than  glass.    Paper  bottles  treated  with 
oat  flour  offered  only  vslightly  better  protection  to  the  milk  than  did  plain 
paper  bottles.     The  milk  used  in  the  exporiment  had  not  been  exposed  to  copper 
at  any  time, 

Babcock  (27),  in  1942,  reported  that  homogenized  milk  was  much  more  sus- 
ceptible to  the  action  of  sunlight  than  the  corresponding  unhomogenized  milk. 
Homojenized  milk  required  approximately  half  as  long  an  exposure  to  sunlight 
as  unhomogenized  milk  to  produce  a  sunlight- induced  oxidized  flavor. 

Sunlight  Flavor 

As  previously  stated,  Hammer  and  Gordes  (12^),  in  1920,  reported  a  definite 
tallowy  flavor  in  milk  after  sufficient  sunlight  exposure,  and  a  distinct  "off" 
flavor  with  less  exposure.    Abnormal  flavors  developing  in  dairy  products  as  a 
result  of  exposure  to  sunlight  were  prevented  in  the  liquid  products  by  the  use 
of  brown  glass  bottles  as  containers.     These  authors  found  that  light  had  a 
gre;-. ter  effect  on  low-  than  on  high-fat  milk.     "Off"  flavors  were  obssrved  in 
some  milk  samples  after  exposures  of  10  minutes,  and  tallowiness  was  observed 
with  exposures  as  short  as  4-5  minutes. 

Frazier  i%) ,  in  1928,  reported  that  a  "cardboard"  taste  and  "linseed- 
oil"  odor  developed  in  whole  milk  which  had  been  exposed  to  diffused  daylight 
for  8  or  m.ore  hours  at  about  freezing  temperature.     The  off -flavor  and  odor 
developed  more  raoidly  in  pasteurized  than  in  raw  milk  (presence  of  enzyraes 
or  bacteria  unnecessary) «    The  off -flavor  and  odor  developed  no  more  rapidly 
in  milk  from  covs  fed  heavy  rations  of  cottonseed  or  linseed  cake  than  in  m±l]f 
from  cows  fed  no  oil  feed. 

Roadhouse  (24,9)  >  in  1930,  found  that  sunlight  caused  a  definite  "cappy" 
or  "cardboard-like"  taste  in  milk  when  exposed  in  clsar  glass  bottles  for  4-5 
minutes.    In  10  minutes,  a  slight  off-flavor  had  developed.    l\lhen  the  milk 
was  put  in  amber  glass  or  paper  bottles  the  sun  had  no  effect  on  the  flavor. 
Strong  sun  rays  shining  against  clear  glass  bottles  produced  oxidized  flavor  in 
the  milk. 
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In  1931 5  Tracy  and  Itiehe  (296)  reported  that  two  kinds  of  fla-vor  defects- 
one  a  tallo-winess  and  the  other  a  burnt  flavor—  might  occur  in  milk  exposed  to 
sunlight o 

Tracy  (291) ^  in  1931?  stated  that  recent  studies  had  shorn  sunlight  to  be 
closely  associated  vdth  the  development  of  a  tallowy  flavor  in  milko    Milk  in 
colorless  glass  bottles  laft  exposed  to  the  direct  rays  of  the  sun  for  even  30 
minutes  was  found  to  be  tallowyo    In  diffused  lights  the  defect  developed  some- 
what slowero    Exposure  to  sunlight  resulted  in  a  very  noticeable  burnt  flavor 
which  yas  associated  vdth  the  milk  serum  rather  than  viith  the  butterfat„  It 
was  found  that  the  tallowy  flavor  occurred  more  coramonly  in  winter  than  in  sum- 
mer and  more  rapidly  in  milk  held  at  40^  than  at  68^'  Fo 

Marquardt  iZOU) n  in  1932,  found  that  the  development  of  off -flavors  in 
milk  exposed  to  direct  sunlight  was  directly  proportional  to  the  intensity  of  the 
sunlight  and  period  of  expo  sure »    Jersey 5  Holstein,  and  mixed  milks ^  ranging  from 
3  to  5  percent  in  fat,  either  raw  or  pastevirized,  were  reported  to  act  alike  when 
exposed  to  sunlights 

In  1933 1  Tracy  et  ale   (29^)  stated  that  sunlight  flavor  might  be  confused 
with  tallowiness.    In  sunlight  flavor,  metallic  salts  were  found  not  to  be  a  factor, 

Doan  and  Myers  (82) ,  in  1936^  reported  that  when  milk  was  exposed  to  sun- 
light in  paper  and  clear  glass  bottles,  off -flavors  were  detected  first  in  the 
glass  bottles.    Paper  'bottles  offered  appreciable  protection  to  skim  milk,  whole 
milk 5  and  buttermilk  against  the  action  of  sunlight  in  causing  burnt  flavors  as 
compared  with  clear  glass  bottles,  but  the  paper  bottles  were  no  protection  to 
whole  milk  and  cream,  homogenized  or  unhomogenized,  against  tallowy  flavor  caused 
by  sunlight o    Blue-and  green-colored  paper  bottles  or  blue  and  green  cellophane 
wrappers  on  paper  bottles  retarded  the  development  of  tallowiness  and  burnt  flavor 
in  skim  milk^  whole  milk^  cresm,  and  bu-ttermilko    The  degree  of  tallowy  flavor,  in 
milk  and  cream^  produced  by  sunlight,  appeared  to  be  greater  in  paper  than  in  clear 
glass  bottle  So    Burnt  and  tallo^^;y  flavors  appeared  to  be  distinct  changes.  The 
burnt  flavor  predominated  in  the  low-fat  products  and  the  talloI^y  flavor  predominated 
in  high-fat  products »     The  authors  stated  that  the  burnt  flavor  apparently  had  its 
source  in  the  casein-free  and  albumin-free  serum  of  the  milk,    Homogenization  was 
found  to  accelerate  sunlight-induced  tallowy  flavor, 

Tracy  (292) ,  in  1938,  stated  that  when  homogenized  milk  was  exposed  to 
sunlight  it  rapidly  acquired  a  burnt  taste Regular  milk  also  acquired  the 
off "flavor  but  the  reaction  was  not  as  fast  as  that  in  homogenized  milke 

Josephson  et  alo   (l^)  j  in  194-6,  reported  that  most  milk  subjected  to 
sunlight  for  as  little  as  2"  hour  developed  the  very  unpleasant  "sunlight"  flavora 

In  1949,  Kseney  (l62l,  stated  that  the  burnt,  sunlight  flavor  in  milk  was 
peculiar  to  milk  exposed  to  solar  radiation  or  comparable  artificial  light  energy 
and  was  not  otherwise  encounteredo    It  was  further  stated  that  tallowiness  might 
also  be  produced  on  exposure  to  light o     Tlie  t^^e  of  developed  flavors  was  found 
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to  be  influenced  hj  age  of  milk,  presence  of  pro-oxvgenic  substances,  and  length 
of  exposure.    It  was  concluded  that  a  dialyzable  substance  was  essential  for 
normal  sunlight  flavor  development  and  that  this  fact  seemed  to  indicate  that 
the  "activated"  flavor  of  excessively  irradiated  milk  and  the  smilight  flavor 
are  not  formed  in  a  similar  manner „ 

In  1951,  Weinstein  and  'Trout  ^  217^  21i)r  and  Weinstein  et  al^  , 

(313. 5  3IA  )  ,  in  a    series  of  articles  on  solar-activated  flavor  of  homogenized 
milk  concluded  thatr    (l)  The  solar-activated  flavor  referred  to  as  "sunshine," 
"burnt,"  "burnt  feather,"  "burnt  protein,"  "scorched,"  "cabbage,"  "mushroom," 
and/or  "medicinal"  (chemical  or  iodine)  was  one  of  the  major  problems  encountered 
in  the  distribution  of  homogenized  milko   (2)  Approximately  30  percent  of  the 
milk  from  individual  cows  on  pasture  failed  to  develop  a  solar-activated  flavor 
following  pasteurization,  homogenization,  and  30-  and  60-minute  sun  exposures; 
homogenized  milk  from  all  cows  on  dry  feed  was  susceptible  to  solar  activation; 
and  there  appeared  to  be  no  correlation  between  breed  of  cow,  stage  of  lactation, 
and  fat  percentage  and  susceptibility  to  the  off  flavoro     (3)  The  light-in<- 
duced  "burnt"  flavor  of  homogenized  milk  appeared  to  be  associated  with  the  milk 
proteins,  and  was  probably  an  oxidative  process o     iU)  Addition  of  ascorbic  acid 
did  not  prevent  the  development  of  the  solar-activated  flavor  of  homogenized 
milk;  the  off -flavor  was  prevented  in  homogenized  milk  exposed  60  mimrites  to 
solar  radiation  by  the  addition  of  25  milligrams  per  liter  of  nordihydroguaiaretic 
acid  alone  or  75  milligrams  per  liter  in  combination  with  ascorbic  acid;  alpha 
tocopherol  and  hydroquinone  did  not  offer  complete  protection  against  the  off- 
flavor  and  high- temperature  (176°  Fo  for  5  minutes)  heat  treatment  did  not  re- 
tard or  prevent  it;  and  hydrogen  peroxide  added  prior  to  pasteurization  and 
homogenization  prevented  a  typical  solar-activated  flavoro       (5)  Deaerated  milk 
exposed  to  solar  radiation  did  not  develop  the  solar-activated  flavor;  and  in- 
corporation of  air  and  a  60-minute  reexposure  of  the  deaerated  milk  resulted  in 
the  typical  solar-activated  flavoro     (6j    Homogenization  subsequent  to  exposure 
accentuates  the  off-flavor*,     (7)  A  minor  protein  fraction  (isolated  from  major 
protein  free  skim  milk)  was  found  capable  of  being  photosensitized  to  produce 
the  typical  solar-acti Voted  flavor  of  homogenized  milk;  and  analyses  of  the 
minor  protein  fraction  indicated  it  was  composed  of  at  least  two  components 
or  complexes. 

In  1952,  Herreid  et  alo   (lAS )  reported  that  the  ruby-colored  bottle — 
followed  by  amber,  paper,  and  clear  glass  bottles— proved  to  be  the  most 
protective  against  sunshine  flavor  development  in  milko     These  authors,  found  that 
the    feeding  regime  of  the  cows  and  the  aging  of  the  processed  milk  affected 
the  development  of  the  off -flavor  in  milko    The  sunshine  flavor  was  found  to 
develop  in  the  amber  bottle  in  milk  from  barn-fed  cows,  but  the  flavor  did  not 
appear  after  2  hours  of  sunlight  exposure  in  milk  from  pastured  cowSo     After  a 
lO^nute  sunshine  exposure  in  clear  bottles,  milk  from  barn-fed  cows  had 
developed  a  pronounced  sunshine  flavor  which  gradually  decreased  until  after 
2  hours  there  was  only  a  questionable  off-flavor  in  the  milk.     The  off -flavor 
developed  in  the  paper  bottle  in  milk  exposed  to  sunlight  immediately  after 
it  was  pasteuri-z.ed  and  homogenized,  but  when  the  milk  was  held  for  1  day  or 
longer  at   45°    /  5^       before  exposure  no  sunshine  flavor  developedo 
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Crowe  (62)  y  in  1952,  reported  that  homogenized  milk  was  more  sensitive  to 
light  than  unhomogenized  milk  and  that  homogenized  milk  would  develop  a  light-in- 
duced sunshine  or  activated  flavoro    He  found  that  the  light-induced  sunshine 
flavor  gave  a  slower  taste  reaction  than  the  oxidized  flavor  but  that  the  sunshine 
flavor  had  almost  a  medicinal  flavor  and  a  faint  odor. 
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METALS,  MSTALLIC  FLAVOR 

Metallic  contsinination  \:as  sho-wn  iirdar  the  heeding  ''Oxidized  Flavor^  " 
to  plt-7  an  important  role,  as  a  catalyst,  in  the  development  of  the  oxidized 
flavor  in  milk.    Milk  that  has  been  in  contact  ijith  certain  metals  may  develop 
an  astringent^  puckery,  metallic  taste  distinct  from  the  oxidized  flavor <> 

Ti'ie  degree  of  off -flavor  imparted  to  milk  by  metals  is  dependent  on 
the  type  of  metal  and  its  resistance  to  being  'dissolved  or  corroded  by  milko 
In  -.^iew  of  the  importance  of  selecting  insoluble,  corrosion-resistant  m^atals 
for  daily  equipment,  research  involving  the  use  of  different  metals  is  included 
in  this  review. 

Metals 

In  1923,  Rice  and  Miscall  (247)  reported  a  series  of  experiments  i-iith 
copper «     They  found  that  the  presence  of  air  and  oxj^gen  increased  enormously 
the  amount  of  copper  dissolved  by  milk,  but  that  carbon  dioxide  had  no  influ- 
ence on  the  amount  dissolved.    Copper  corroded  v;ith  an  oxide  surface  was 
found  to  yield  much  more  of  the  metal  to  milk  than  did  a  smooth  bright  cop- 
per.    The  amount  of  copper  taken  up  by  milk  increased  with  the  am.ount  of  copper 
surface  exposed  and  with  the  time  of  exposuroo     Tae  authors  found  that  at 
145^  '^o  considerable  miore  copper  was  dissolved  than  at  room  temperature  or  at 
boiling.  Slightly  sour  milk  dissolved  but  little  more  copper  than  did  normal 
milk. 

By  inserting  copper  strips  in  milk  for  30  minutes,  C^uam  et  al.   (238) » 
in  1928,  found  that  the  solubility  of  copper  in  milk  increased  with  rise  in 
temperature  to  a  maximum  at  85°  to  90^  0.  after  which  the  solubility  decreased. 

Hunziker  (I60),  in  1928,  i-eported  the  results  of  experiments  in  which 
metals  were  checked  with  acids  (dilute  organic  and  mineral),  alkalies,  calcium, 
and  sodium  brines,  and  successive  stecm.  heating  and  brine  coolingo    He  rated, 
in  order  of  preference,  the  m.etals  in  accordance  with  their  resistance  to  the 
agents  used  and  their  effect  on  the  quality  of  m_ilk  as  follows:     (l)  Siiper- 
ascoloy,  tin,  nickel;   (2)  tinned  copper  (heavy  tin),  aluminum,  aluminum 
manganese  alloy,  enduro,  ascoloy  (chromium- steel ) ;   (3)  monel  metal,  nickel 
silver;  and  (4)  tinned  i2?on,  copper,  galvanized  iron,  iron  zinc»  Hunziker 
et  al.    (164)  reported  similar  results  in  1929  and  added  that,  with  riiinor  ex- 
ceptions, the  corrosion  was  more  intense  in  high-acid  products  than  in  the 
low-acid  products  and  at  high  temperatures  than  at  room  temperature,  Hov;ever, 
they  found  that  even  in  the  sweet  milk  products,  and  at  room  tempercture ,  corrosion 
was  by  no  means  absento 

Guthrie  (127) ,  in  1929,  grouped  metals  according  to  the  amount  of  corrosion 
and  the  effect  on  the  flavor  of  milk  as  follows:     (l)  No  effect — Allegheny 
metal,  aluminum,  glass  enamel,  nickel  (when  milk  was  cold),  chromium-plated 
metals,  and  tin-plated  metals;   (2)  slight  effect  on  flavor— ascoloy,  nickel, 
poorly  plated  chromium-plated  or  tin-plated  metals,  or  metals  on  which  these 
platings  had  worn  thin:  and  (3)  definite  effect  on  flavor- — ambrac,  brass,  bronze, 
copper,  monel  metal,    nickel  bronze,  nickel  silver,  Waukesha  metal,  and  poorly 
plated  copper  or  copper  alloys e 
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In  1929 f  Qiiam  (236)  reported  the  solubility  of  alurainmij  tin,  and  18-percent 
Ghromim  steel  at  temperatures  of         to  73°  G»  to  be  negligible.     Nickel,  zinc, 
and  copper  solub  ility  "Drc^-^ressively  increased  with  ten.jerature  increases^  with 
maximum  solubility  at  80°^  75'^  ^  and  90°  0.,  respectively,  after  which  the  solubility 
decreased. 

Mscall  et  ale   (212)  ^ in  1929,  reported  that  the  copper-dissol^dng  power  of 
milk  increased  at  terir?eratu-res  up  to  1/4,0°  to  1-45°        and  then  decreased.  Either 
tJie  removal  of  the  milk  gases  or  the  addition  of  carbon  dioxide  decreased  th3 
CO pper-dis solving  power  of  the  milk,     Tliese  authors  found  that  the  presence  of 
oxygen  increased  the  amount  01  copper  which  went  into  solution.  Pasteurized 
milk  dissolved  more  copper  than  raw  milk  at  the  same  tempo raturos, 

In  1930,  Somjaer  and  Gebhardt  (273)  reported  that,  when  milk  v/as  placed  in 
a  copper  container,  any  agitation  markedly  increased  the  am.ount  of  copper  dissolved, 
Tney  found  that  size  of  area  and  length  of  time  of  exposure  to  copper  directly 
influe3nced  the  amount  of  copper  dissolved  }jy  milk.  Ordinary  pasteurization  tem^pera- 
ture  increased  the  araount  of  copper  dissolved  by  milk  to  five  times  that  dissolved 
at  room  temperature.     Hie  amount  dissolved  increased  as  the  temperature  increased, 
up  to  160^  F.     Above  160°      ,  there  was  a  marked  progressive  decrease  until  at 
boiling  temperature  only  slightly  more  copper  was  dissolved  than  at  room  tempera- 
ture.    Bubbling  carbon  dioxide  through  the  milk  was  found  to  cause  marked  reduc- 
tion in  the  aiaount  of  copper  dissolved. 

Gebhardt  rmd  Sormer  (107),  in  1931?  reported  that  higher  acidities  m^arkedly 
decreased  copper  solubility  in  milk  and  that  slight  increases  in  acidity  had  no 
effect*     VJlien  bubbled  through  the  milk,  carbon  dioxide  markedly  decreased,  air 
slightly  increased.,  and  oxygen  m.arkedly  increased  the  copper  solubility  in  the  milk« 
Temperature  greatly  affected  copper  solubility  (maximum  at  70°  C,).     Solubility  of 
copper  in  milk  at  boiling  was  the  scane  as  that  at  room  temperature.     Gebhardt  and 
Sommer  (IO8)  reported  that  by  residual-current  measurements  the  aiaount  of  copper 
dissolving  in  milk  could  be  calculated  v/ith  fair  approximation  to  the  gravimetric  ally 
determined  values. 

In  1932,  Fink  and  xbhrman  (88)  found  that  nickel  corroded  in  milk  miore  readily 
in  the  absence  of  ojcyr;^en.     They  found  that  high  chromium-nickel  iron  alloys 5  chromium- 
plated  copper,  and  chr omium-pl ated  rAckel  were  vary  resistant  to  corrosion  by  milk 
and  that  these  metals  were  satisfactory  for  dairj/"  equipm^ent  on  this  account. 

Trebler  et  al,   (297),  in  1932,  reported  that  nickel  was  corroded  only  slightly 
in  milk  heated  to  pasteurizing  tem:Jorature  and  held.     Chromium  nickel  alloy  and 
chromium- nickel  iron  alloy  were  resistant  to  corrosion  in  milk  under  all  operating 
conditions. 

In  1932,  Gebhardt  and  Sommer  (102.)  reported  that  the  solution  of  .Allegheny 
steel,  stainless  steel,  aluminura,  and  tinned  copper  was  very  slight  in  acid  milk 
at  room  temperature,  and  in  fresh  milk  at  various  temperatures  and  oxygen  con- 
tents. 
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Hileman  (igg) ,  in  1933,  stated  that  all  metals  in  contact  with  milk 
disvsolved  but  slowly  at  temperatures  belov;  SO^  F.     ^it  higher  temperatures, 
nickel  was  found  to  have  the  highest  solubility  rate  of  any  of  the  m^etals 
cornrrxOrJ.y  used  in  milk  pi  ant    but  that  nickel  never  appeared  to  cause  bad  flavors 
in  the  milk.     Tlie  solution  rate  of  tin  was  very  low  at  all  temperatures,  and 
bronze  was  little  mora  soluble  than  tin.     The  solution  rate  of  copper  and  of 
nickel-copper  alloys  were  between  those  of  tin  and  nickel.     The  author  warned 
that  nickel-copper  alloys  m.ight  be  just  as  detrimental  to  the  quality  of  milk 
products  as  is  pure  copper  itself,  and  that  the  alloys  v/ere  more  dangerous 
because  they  did  not  have  the  appearance  of  copper, 

Gaul  and  Staud  -106),  in  1935 ,  ascertained  metallic  contamdnation  of 
dairy  products  by  a  spec tro graphic  analysis.     They  stated  that  pasteurization 
increased  the  aiPiOunt  of  copDer,  nickel,  and  tin  in  mdlk. 

In  194-0,  Henderson  and  Roadhouse   (IUA)  studied  copper-nickel  alloys 
and  reported  that  less  copper  went  into  solution  from  the  alloys  containing 
bin  and  zinc,  so  that  the  flavor  of  the  m.ilk  v;as  less  ir^'luenced ,  than  with 
alloys  in  wiich  these  elements  were  absent  .    They  found  the  influence  on 
ascorbic  acid  destruction  by  alloys  rather  than  the  rates  of  corrosion  to  be 
a  more  reliable  index  of  their  effect  on  mdlk  flavor.     Nickel,  lead,  and 
zinc  did  not  influence  the  oxidation  of  ascorbic  acid  and  did  n.;t  cause  oxi- 
dized flavor  in  the  milks  ^lasteurized  in  contact  with  pure  strips  of  these 
metals. 

Metallic  Fla^r 

In  1916,  Guthrie   (12S)  reported  that  the  direct  absorption  of  metals 
could  cause  m.etG,llic  flavor  in  dairy  products. 

Donauer  (S^) ,  in  1922,  stated  that  the  amount  of  metals  absorbed  by 
milk  could  be  great  enough  to  produce  a  metallic  f 1^  vor  or  aftertaste  in  the 
milk  (metallic  lactates  had  strong  puckery  tastes).    He  stated  further  that 
a  conside-'-able  proportion  of  the  vitamins  in  milk  products  might  be  destroyed 
by  metals. 

Hunziker     (I6I) ,  in  1923  <»  found  that  all  base  iiietals  so  far  applicable 
to  dairy  equipment  co^- struction  v;ere  more  or  less  solu.ble  in  lactic  acid 
solutions  and  that  their  lactates  had  a  bitter,  puckery,  astringent,  metallic 
taste.     He  found  the  intensity  of  m.etallic  flavor  per  unit  of  iietallio  lactate 
to  be  greatest  in  the  case  of  cop-'jer  and  copper  alloys  (such  as  bronze  , 
Germian  silver,  white  metal),     5]quipment  made  of  iron,  copper,  or  copper 
alloys  imparted  a  metallic  flavor  to  milk  products.    He  stated  that  tin  and 
nickel  appeared  to  be  the  only  rietals  that  produced  no  detrimental  effect 
on  the  quality  of  milk  products.    Tin  plating  (heavy  and  complete  cover) 
diminished  the  detrimental  ef.fact  of  other  metals.    Nickel  plating  peeled, 
and  aluminum  was  found  not  suited  for  large  equipment.     Glass  and  enameled 
steel  ga'-re  no  m.etallic  action. 
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Quam  and  Solomon  (2g7) ,  in  1927,  placed  3"  x  3"  pieces  of  highly  polished 
metals  in  300-milliliter  glass  flasks,  sterilized  the  flasks,  and  then  added  400 
mill  t")  iters  of  milk  and  stored  the  samples  at  room  temperature.     The  samples  were 
checked  daily  for  odor  and  taste.    The  sample  of  milk  containing  a  strip  of  magnesium 
had  a  bitter  taste  by  the  second  day.     The  wrought  iron  sample  had  a  pungent,  sour 
odor  and  an  acid,  metallic  taste^     The  sample  containing  a  strip  of  copper  developed 
early  signs  of  putrefactive  decomposition »    Saraples  of  milk  exposed  to  nickel, 
chromium  steel,  tin,  and  properly  tinned  coppar-  were  not  affected^ 

Hunziker  (l60),  in  1928,  stated  that  iron,  galvanized  iron,  and  tinned  iron 
proHnced  a  very  intense  metallic  putrid  flavor  in  dairy  products.     Copper,  copper 
alloys,  and  tinned-copper  (properly  tinned  safe  surface,  but  shot  life)  were  found 
to  have  a  damaging  effect  on  the  quality  of  milk  products  by  producing  an  intense 
oily,  tallovjy,  and  metallic  off-f]avDro    Minute  amounts  of  copper  salts  produced 
progressive  flavor  deterioration  in  dairy  products  with  age  (oxidative  and 
catalytic  changes) o 

Guthrie  (129),  in  1929,  stated  that  many  off -flavors,  including  the  distinctly 
metallic  flavors,  could  originate  in  the  action  of  metals  on  milko    He  further  stated 
that  copper  was  generally  recognized  as  the  leading  offending  element  in  the  produc- 
tion of  metallic  flavors.     He  agitated  various  metals  (aluminum,  copper,  chromiuia 
m.etals,  nickel,  nickel  silver,  tirjied  copper,  and  tinned  plate)  with  milk  at  70^ 
to  80°  F,  for  1  to  5  hours,  and  at  142°  to  lA/°  TT.  for  a  total  time  of  1-^  hours o 
Tinned  plate  (not  worn  off)  aluminum  (Eng.  and  Amer^)^  and  chromium  metals  (endure 
steel,  ascoloy)  showed  slight  or  no  corrosion  and  did  not  impart  a  metallic  or 
objectionable  flawro 

Hunziker  (I64) ,  in  1929,  concluded  that  generally  those  metals  that  shov/ed 
definite  corrosion  in  milk  also  had  the  most  damaging  effect  on  the  flavor  of  the 
milk  product.    He  reported  that  iron,  galvanized  iron,  and  copper  produced  a  marked 
metallic  flavor  in  all  milk  products,  and  that  zinc,  tinned  iron,  and  nickel  silver 
produced  such  a  flavor  in  the  majority  of  cases. 

In  1929,  Guthrie  (127)  reported  that  Mbrac,  brass,  bronze,  copper,  monel 
metal,  nickel  bronze,  nickel  silver,  Waukesha  metal,  and  poorly  plated  copper  or 
copper  alloys  produced  a  definite  astringent,  papery,  metallic,  or  oily  flavor 
in  milk. 

ftuehle  (260),  in  1930,  reported  that  experiments  indicated  that  metallic 
flavor  could  be  imparted  to  milk  and  butter  hj  the  presence  of  iron  or  copper 
lactate  3 

Hunziker  (l62 ) ,  in  1930,  stated  that  common  off-flavors  of  which  metallic 
contamination  mdght  be  a  factor  xv'ere  metallic,  bitter,  puckery,  sweetish,  oily, 

cappy,  and  barny«  The  salts  of  highly  soluble  metals  were  reported  as  having  a 
metallic  taste  and  the  property  of  inciting  oxidative  and  catalytic  action  most 
likely  to  affect  flavor,, 

In  1935,  Bu_rgwald  (^)  reported  on  the  grading  of  raw  and  pasteurized 
stmples  of  tottled  mdlko    Of  136  bottles  of  milk  graded  in  December  1934-,  23  were 
criticized  for  tallowy  or  metallic  flavor.     Of  14$  samples  graded  in  February  1935, 
27  were  criticized  for  tallowy  or  metallic  flavor « 
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VI.-GOOKSD  FMVOR 

V/ith  the  advent  of  pasteurization  of  milk,  "cooked"  was  added  as  a 
possible  flavor  defect  of  bottled  milk.    Ihis  defect  gave  rise  to  some  of 
the  early  discrimination  against  pasteurization,  because  the  finished 
product  did  not  have  what  many  consumers  called  the  "good  raw  milk  flavor." 
At  the  present  time,  with  flow-diversion  valves,  recording  thermometers,  and 
other  refinements  that  make  it  possible  to  assure  adequate  pasteurization  with- 
out overheating,  the  complaint  of  "cooked  flavor"  has  practically  disappeared. 
However,  in  some  small  towns  there  may  be  milk  plants  that  do  not  have  the  latest 
equipment  in  controls  and  this  flavor  may  still  be  a  serious  problem.     It  is 
important  for  plant  operators  to  know  temperature  and  time  relationships  that 
will  enable  them  to  produce  a  safe  milk,  without  excessive  "cooked"  flavor, 
A  slight  cooked  flavor  apparently  is  not  objectionable  to  most  consumers  who 
have  become  accustomed  to  it. 

In  1916,  Barthel  (22)  stated  that  the  Swedish  method  of  pasteurization 
employed  by  the  dairy  industry  of  that  country  was  a  continuous  method  employ- 
ing a  temperature  of  at  least  Yl(P  F.  for  1  to  1-g-  minutes.    He  further  stated 
that  milk  pasteurized  at  176^  had  a  slight  cooked  flavor  even  v/hen  cooled 
immediately.    He  experimented  with  the  Anerican  "holder"  system  of  pasteuriza- 
tion and  reported  that  milk  pasteurized  for  20  to  30  minutes  at  1^5*^  had  no 
cooked  taste, but  that  the  flavor  became  noticeable  at  149° 

'^ight  (228),  in  1923,  reported  that  the  flavor  and  odor  were  usually 
cleaner  in  the  case  of  milk  pasteurized  in  a  glass  tank  at  1^2^  to  145°  F,  for 
30  minutes.    He  stated  that  there  was  a  slight  heated  taste  in  some  of  the 
milk  when  it  was  pasteurized  in  a  glass  ^ank,  but  that  the  off -flavor  was 
not  serious. 

Hunziker  (I63) *  in  1925,  stated  that  commercial  experience  in  pasteuriz- 
ing milk  had  shovjn  that  applying  temperatures  much  above  145°      9  ^'or  a  sufficient 
length  of  time  to  accomplish  maximum  germ-ld.lling,  tended  to  impart  a  cooked 
flavor  to  milk.    He  found  flash  pasteurization  at  185°  F.  xiiolly  unsuitable. 

Tracy  and  Ruehe  (296) ,  in  1931 j  reported  that  pasteurization  improved 
the  flavor  of  most  raw  milk.  However,  it  was  found  that  continued  heating  at 
142°  F,  for  more  than  1  hour  might  result  in  a  noticeable  cooked  flavor. 

Yale  (330) «    in  1934?  stated  that  neither  high- temperature  nor  low- 
temperature  pasteurization,  when  the  proper  methods  are  employed,  impart  a 
heated  flavor  to  the  extent  that  it  would  be  noticed  by  the  average  consumer. 
He  reported  that  the  average  observer  probably  did  not  notice  a  heated  flavor 
until  the  milk  had  been  heated  above  145°  F.  for  30  minutes  or  at  160^  F, 
or  above  for  periods  of  2  minutes  or  more. 

Marquardt  and  Dahlberg  (206),  in  1934?  used  heating  water  as  high  as 
210°  F,  or  steam  at  220o  F,  under  pressure  to  pasteurize  milk  in  a  glass- 
lined  vat  without  imparting  a  cooked  flavor.    In  a  stainless  steel-lined  vat 
heating  water  of  200°  F,  was  used  without  imparting  a  cooked  flavor  to  the  milk. 
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Tne  design  and  size  of  the  pasteurizer  affected  the  rate  of  heat  transfer  and  the 
temperature  x^hich  could  be  used  for  the  heating  medrain.    Momentary  heating  to 
170°  Fo  for  1  minute  did  not  produce  a  cooked  flavor.     Tliese  authors  concluded 
that  milk  would  withstand  much  more  severe  temperatures  without  developing  cooked 
flavors  than  was  generally  supposed.    Cooked  flavors  tended  to  leave  diiring  aging 
of  the  milk. 

Tests  made  in  1938  (l2)  indicated  that  steam  could  be  used  as  the  heating 
medium  with  no  detrimental  results  if  sufficient  agitation  were  employed  to  provide 
a  rapid  transfer  of  heat. 

Gould  fill),  in  1939,  differentiated  between  "heated"  or  "pasteurized"  fla- 
vor, resulting  from  ordinary  pasteurization  procedures,  and  "cooked"  flavor ,  He 
correlated  hydrogen  sulphide  liberation  in  milk  with  the  cooked  flavoro     The  cooked 
flavor  resulted  after  heat  treatment  at  84,°  to  86  G« 

Josephson  and  Doan  (168),  in  1939,  reported  that  cooked  flavor  became  definitely 
evident  in  milk  flash  heated  to  170°  F. ,  heated  to  160°  F.  and  held  1$  minutes ard 
heated  to  155°  F.  and  held  30  minutes.     These  authors  believed  two  or  more  sulphydryl 
substances  might  be  involved  in  the  production  of  the  cooked  flavoro 

In  1939,  Babcock  (28)  stated  that  consumers  sometimes  objected  to  pasteurized 
milk  because  of  a  cooked  taste.     He  further  stated  that  if  a  cooked  taste  occurred, 
it  yas  due  to  overheating  or  to  heating  too  rapidly„    Properly  pasteurized  milk 
was  reported  to  be  equal  to  raw  milk  in  flavor. 

Goiild  and  Somjiier  (ljL£) ,  in  1939,  stated  that  the  cooked  flavor  of  milk  was 
caused  by  the  formation  of  sulphides  which  occurred  when  milk  was  subjected  to 
sufficiently  high  temperatures  or  by  changes  occurring  simultaneously  witli  their 
formation e     The  cooked  flavor  was  found  to  be  pronounced  at  temperatures  of  80°  C. 
or  above*     lAflien  held  30  minutes  at  70°  Gc  one  of  five  samples  was  graded  "question- 
able" in  regard  to  cooked  flavor„ 

Gould  (11^)  ,  in  194-0,  reported  a  close  relationship  between  the  teraperatures 
at  x#iich  the  cooked  flavor  appeared  in  railk  and  those  at  which  peroxidase  was  in- 
activatedo     Gould  (ll2.)  reported  that  milk  h  iated  to  180°  F«  and  then  treated  with 
small  quantities  of  copper  salts  lost  its  cooked  flavor  and  became  oxi<dized.  l^lk 
to  which  was  added  1.5  to  2  p.p,m«  of  copper  and  then  homogenized  showed  practically 
no  cooked  flavor  after  24  hours  storage ^  and  v/as  of  fine  flavor  even  after  120  hours. 

MacCurdy  and  Trout  (igS)  ?  in  194-0,  reported  that  the  predominating  off -flavor 
in  day-old  samples  of  milk  pasteurized  vjith  and  without  aeration,  at  143    F,  for 
30  minutes,  was  heated.     Less  heated  flavors  were  noted  in  samples  of  milk  flash 
pasteurized  at  160°  F.  for  15  seconds  than  in  the  holder  pasteurized  samples. 

Holland  and  Dal-ilberg  (158) ,  in  1940,  stated  that  it  was  repeatedly  observed 
that  cooked  flavors  were  Eiuch  less  pronounced  in  milk  pasteurized  for  2»5  seconds 
at  I7O0  F,  than  in  milk  pasteurized  at  143°  F.  for  30  minutes. 
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In  1941?  Wolman  (326)  reported  that  temperatures  of  at  least  I5O    F«  or 
even  higher  for  30  minutes  could  be  regularly  employed  without  producing  an 
undesirable  heated  taste  to  the  milk* 

Nelson  (220),  in  194-3,  found  that  pasteurized  milk  sanples  had  a  slight 
cooked  flavor  after  8  hours  storage  at  3B°  F, 

In  1943,  Spur  (274.)  reported  that  homo genizat ion  of  milk  makes  it  possible 
to  apply  pasteurizing  temperatures  by  the  holding  method  up  to  150*^  F,  without 
any  danger  of  developing  a  cooked  flavDr  in  commercial  market  milks.    A  slight 
indication  was  found  that  at  150OF,  there  was  less  danger  of  cooked  flavor 
when  pasteurization  preceded  homogenization, 

Hankinson  et  al.  il^S) ,  in  194-6,  reported  that  dialysis  experiments  on 
raw  milk  demonstrated  that  an  unrecognized  substance  of  low  molecular  weight 
could  be  removed  which  contributed  to  the  flavor  of  heated  milko    The  dialysate 
from  the  raw  milk  when  heated  to  SCP  to  100°  G.  produced  a  heated  milk  flavor 
and  odor.    However,  it  was  not  the  typical  sulphide  aroma  obtained  from 
heat-coagulated  proteins.    Some  of  the  properties  of  the  partially  purified 
cooked  flavor  precursor  were  established,  sis-nificant  of  which  were  its  solu- 
bility in  water,  lesser  solubility  in  methyl  alcohol, 'and  insolubility  in 
acetone,  ethers,  and  chloroform.     There  was  no  phosphorus  or  sulphur  present 
in  the  compound.     The  authors  concluded  that  the  flavor  and  aroma  of  heated 
milk  appeared  to  be  derived  from  two  sources,  the  heat  coagiilable  proteins 
and  a  dialysate  factor. 

Patton  and  Josephson  (231)  %  in  194-9,  demonstrated  that  furfuryl  alcohol 
was  a  compound  generated  in  milk  by  heat  and  is  not  a  normal  constitutent  of 
unheated  milko    These  authors  (232)  also  found  that  the  sulphydryl  groups  dis- 
appeared in  skim  milk  heated  for  prolonged  periods  at  high  temperatures. 
The  disappearance  depended  on  a  reaction  involving  lactose  and  casein  and 
was  correlated  with  the  development  of  caramelized  flavor  and  browning.  They 
stated  that  the  sulphydryl  substances  associate  themselves  physically  and/or 
chemically  with  the  casein  in  heated  milk. 

In  1952,  Hut  ton  and  Patton  (165 )  found  the  serum  protein,  B-lac  to  globulin,,, 
to  be  responsible  for  the  heat-induced  cooked  flavor  in  skim  milk«  They 
stated  that  conversion  of  -SH  groups  to  H^S  as  a  result  of  heat  treatment 
might  explain,  in  a  gen&ral  way,  the  mechanism  whereby  B-lac to globulin  gives 
rise  to  cooked  flavor. 
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VII. -RANG ID  FLAVOR 

The  rancid  off -flavor  in  milk  is  novj  generally  recognized  to  be  due  to  the 
hydrolytic  splitting  of  milk  fat  by  the  action  of  the  enz^nne^  lipase.     The  libera- 
tion of  fatty  acids,  especially  butyric,  imparts  to  milk  the  typical  rancid  flavor 
and  odor,     Tlie  stage  of  lactation,  temperatures  of  handling  and  storing  and  process- 
ing procedures  are  among  the  factors  that  have  been  found  to  affect  the  a ctivity 
of  the  normal  milk  enzyme,  lipase,  and  consequently  to  affect  the  development  of 
the  rancid  off -flavor. 


In  1913,  Echles  and  Shaw  (85)  observed  that  four  cows  near  the  end  of  their 
lactation  periods  produced  milk  that  developed,  within  24  hours  after  it  was  drawn, 
a  strong  abnormal  taste  and  odor^     Ihey  described  th^  off -flavor  as  a  rancid  and 
bitter  taste  combined.. 

^almer  (229.),  in  1922,  failed,  after  using  several  methods  of  analysis,  to 
show  that  cow's  milk  normally  contained  active  lipolytic  ferment «     The  author 
(230),  later  in  1922,  reported  that  bitter  milk  of  advanced  lactation  was  caused 
by  the  secretion  of  an  active  lipase  in  the  milk  which  hjdrolyzed  VrB  milk  fat 
rapidly  even  at  fairly  low  temperatures «     The  hydrolysis  resulted  in  the  libera- 
tion of  fatty  acids  among  which  were  the  lower  volatile  fatty  acids,  especially 
butyric  i%fhich  imparted,  in  large  measure,  the  bitter  flavor  and  rancid  odor  to 
the  milko     The  off-flavor  was  stated  not  to  be  of  bacterial  origin  and  to  be 
effectively  retarded 5  if  not  prevented  entirely,  by  haating  the  fresh  milk  to 
750  C.  for  a  few  minute So 

Rice  and  Markley  (246)  ,  in  1922,  stated  that  milk  normallj/  contained  a 
lipase  which  split  butterfat.     They  further  stated  that  the  rancidity  of  fats  anjd 
oils  resulted  from  hydrolytic  splitting  as  a  result  of  lipase  action*  They 
fo^jiid  that  the  actual  fat  hydrolysis  in  milk  resulted  in  liberation  of  free 
butyric  acid  and  the  development  of  the  characteristic  odor  of  that  substance. 

Rice  (245 )  f  in  1926,  reported  that  rancidit^r  in  condensed  milk  was  caused 
by  the  accidental  incorporation  of  rax^r  milk  into  the  batch.     He  stated  that  the 
activity  of  the  raw  milk  was  due  to  the  presence  of  a  natural  lipolytic  enzyme 
which  split  the  milk  fats  and  yielded  among  other  fatty  acirls  those  of  low 
molecular  yelght  such  as  butyric »     The  rancid  flavor  was  due  to  butyric  acid. 

Ramsey  and  Tracy  (2gg) ,    in  1933,  reported  that  "cowy,"  "rancid,"  and 
"soapy"  flavors  in  raw  milk  had  been  found  to  be  due  to  a  change  in  the  butter- 
fat  and  that  the  flavors  were  representative  of  different  steps  of  the  reaction. 
They  stated  that  the  increase  in  titratable  acidity  coincident  with  these 
flavor  changes  suggested  a  hydrolysis  of  the  butterfat.      The  agent  of  hydrolysis 
was  found  to  be  inactivated  by  pasteurization  and  to  be  activated  by  homogenization. 

In  1934^  ,/lnderson  (9)  concluded  th;..t  normal  milk  contained  small  quantities 
of  lipase^    Milk  which  became  bitter  was  found  to  contain  abnormally  large  quantities 
of  lipase.    The  coi7s  that  yielded  bitter  milk  were  in  advanced  stages  of  lactation. 
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Babcock  (^),  in  1934^  reported  an  optimum  homogenizing  temperature 
(86°  to  104°  fT7  for  the  development  of  a  rancid  flavor  in  raw  homogenized 
milk*      Raw  milk  homogenized  within  the  temperature  range  of  86°  to  104°  F. , 
although  cooled  and  stored  at  a  low  temperature,  became  rancid  within  18 
hours  after  homogenization.    At  4-0°  to  50°  F.  homogenizing  temperatures, 
the  milk  remained  of  good  flavor  for  18  hours  but  developed  an  abnormal 
flavor  upon  further  aging.     When  homogenized  at  59°  to  131°      ,  a  slight  rancid 
flavor  developed;  at  68°,  77°,  and  113°  F. ,  a  rancid  flavor  developed  at  18 
hours  but  to  a  less  degree  than  that  for  the  milk  homogenized  at  86°  to  104°  F« 
Tae  milk  homogenized  at  140°  F.  remained  of  normal  flavor.     The  author  also 
determined  that  cooling  and  storing  the  homogenized  milk  at  a  low  t  em.per attire 
apparently  retarded  the  development  of  the  rancid  flavor.    However,  the 
cooled  samples  showed  the  same  degree  of  rancidity  as  the  uncooled  samples 
within  10  minutes  after  being  warmed.    It  was  found  that  varying  the  homogen- 
izing pressure  did  not  affect  the  development  of  the  rancid  flavor.  The 
author  concluded  that  homogenization  couldn't  be  applied  to  raw  milk  for  com- 
mercial purposes,  and  that  in  handling  raw  milk  care  must  be  used  not  to  sub- 
ject it  to  any  pix)cess  or  agitation  which  might  have  an  homogenizing  effect, 
especially  at  temperatures  within  the  optimum  temperature  range  for  causing 
a  rancid  flavor. 

Hileman  and  Courtney  (156) ,  in  1935 >  reported  that  the  increase  in  acidity 
with  accompanying  bitter  flavor  which  occurred  at  certain  seasons  of  the  year 
in  raw  cream  held  at  icebox  temperatures  was  due  to  the  activity  of  lipase. 
The  lipase  v/as  found  not  to  be  of  bacterial  origin,  but  to  be  secreted  by 
cows  with  the  milk.     These  authors  reported  increasing  amounts  of  lipase 
in  the  milk  as  the  period  of  lactation  was  prolonged,: 

Anderson  (7),  in  1937?  reported  that  he  had  been  able  to  cause  a  change 
from  the  production  of  good  milk  to  milk  which  acquired  rancid  flavors  simply 
by  changing  the  hay  fed  to  the  producing  animals  from  good  machine-dried 
alfalfa  hay  to  poor  field  cured  alfalfa  hay. 

Reder  (240) ^  in  1938,  reported  that  milk  from  Jersey  cows  frequently 
producing  rancid  samples  had  a  higher  chloride  and  a  lower  lactose  content 
than  did  normal  milk  produced  in  the  same  Icctation  period.     The  author 
(241)  further  reported  that,  in  general,  the  rancid  milk  had  a  higher  content 
of  total  solids,  fat,  and  protein  than  did  normal  milk  of  the  same  lactation 
period.     The  increased  protein  content  of  rancid  milk  v/as  attributed  to  an 
increase  in  the  amo-unts  of  "both  the  casein  and  lactalbumin  fractions. 

In  1938,  Trout  and  Gould  (300)  stated  that  homogenization  accelerated 
hydrolysis  with  resulting  rancidity.     They  recommended  pasteurizing  the  milk 
before  or  immediately  after  homogenization  to  inhibit  the  off -flavor  develop- 
ment. 

Reder  (242 ) ,  in  1938,  reported  that  the  production  of  rancid  milk  could 
not  be  explained  on  the  basis  of  a  change  in  the  fatty  acid  content, 
cholesterol  content,  or  lipolytic  activity  of  the  blood  serum  of  the  cowse 
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Doan  (BO)j  in  1938,  reported  that  the  critical  preheating  tenperatures  for 
inhibiting  rancidity  in  homogenized  railk  had  been  found  to  be  148°  F.  flash,  137°  F. 
for  15  minutes,  and  132°  F.  for  30  minutes,  applied  either  before  or  immediately 
after  homogenization«     It  was  found  that  in  unpreheated  milk,  rancidity  could 
usually  be  detected  i./ithin  30  minutes  following  homogenization,  especially  when 
high  pressures  were  usedo 

Krukovsky  and  Sharp  (186), in  1938,  reported  that:    Shaking  of  raw,  whole 
cow^s  milk,  while  the  fat  was  in  the  liquid  state  or  partially  liquefied  state, 
induced  lipolysis«     Such  lipolysis  continued  after  the  milk  was  cooled  to  low 
temperatiireso     The  amount  of  lipolysis  induced  had  little  or  no  relation  to 
breed,  season,  or  milk  production  ^^r  the  cov/.     If  svibjected  to  activating  treat- 
m-ents,  all  milk  was  capable  of  2ipolytic  activity.    Only  milk  from  some  cows, 
particularly  those  in  advanced  lactation  in  winter,  \-/ould  show  natural  lipolytic 
activity  when  cooled  and  held, 

Keith  (171),        1939,  reported  on  5*000  flavor  observations  of  the  milk  of 
individual  cowso    It  was  observed  that  10  percent  of  the  samples  of  milk  indicated 
the  presence  of  rancidlty«    In  most  instances,  the  flavor  occurred  when  the  cows  were 
well  advanced  in  lactation.    The  off-flavor  was  noted  frequently  in  fall  and  in-f're- 
quently  during  the  siumpxcr*     In  most  cases,  the  milk  yas  free  from  the  off- flavor  when 
drawn.    Milk  that  became  rancid  at  4-0°  Fo  wo'uld  not  show  any  trace  of  the  defect  if 
stored  at  70°  Fo  for  the  same  period.     Storage  of  the  milk  at  0°  to  -10°  F,  for  15  nours 
was  found  to  prevent  the  defect.    Milk  stored  at  70°  F»  for  15  hours  and  then  stored  at 
4-0°  Fo  did  not  become  rancid»    Pasteurization  of  the  milk  at  145°  F,  for  30  min«  ^^/ithin 
a  few  hours  after  it  had  been  drawn  definitely  prevented  the  occurrence  of  the  defects 

In  1939,  Herrington  and  Krukovsky  (l50,  151^  152)  in  a  series  of  articles  on 
the  lipase  action  in  milk  stated  that  it  was  generally/-  recognized  that  cow*s  milk 
contained  an  enzjine  capable  of  hydrolyzing  fat»    They  further  stated  that  this  enzyme 
was  responsible  for  the  rapid  development  of  rancidity  in  homogenized  raw  milk  and 
the  bitter  fla'\7or  often  associated  with  milk  secreted  by  cows  in  a  late  stage  of  lac- 
tation.     They  found  that  lipolysis  occurred  in  practically  all  samples  of  raw  milk; 
that  the  rate  of  lipase  action  was  influenced  by  the  rate  of  cooling  of  the  milky 
being  retarded  by  sufficiently  rapid  cooling;  and  that  milk  contained  at  least  two 
lipases,  one  inhibited  by  very  small  amounts  of  formalin  and  the  other  not  sensitive  to 
moderate  sm.ounts  of  fomaldehyde.     They  also  found  that  lipolysis  in  cold  milk  was 
accelerated  by  warming  the  milk  slightly  and  re-cooling  (maximum  activation — 'precool 
milk  to  5°  Gc  or  lower,  re-warm  to  30°  G.and  re-cool  below  10°  G.)     The  rate  of 
lipolysis  appeared  dependent  on  the  crystalline  state  of  the  fat.     It  was  found  that 
mUk  which  had  been  activated  could  be  reactivated  or  deactivated  by  suitable  heat 
treatments.    These  authors  also  reported  that  there  was  no  apparent  correlation  be- 
tween the  rates  of  lipolysis  and  the  stage  of  lactation,  the  stage  of  gestation,  or 
the  milk  production  of  the  individual  cows. 

Garrett  et  alo(lO^),  in  1939,  reported  that  the  feeding  of  molasses  grass  silage 
appeared  to  rotard  the  nevelopment  of  hydro l3rtic  rancidity  in  milk. 

Gould  and  Trout  (120 ),  in  1939?  observed  that  when  homogenized  paster^rized 
railk  \ras  mixed  with  homogenized  raw  milk  and  the  mixed  milk  was  stored,  the  in- 
creases in  acidity  obtained  were  greater  than  the  calculated  values  if  only  the 
raw  milk  underwent  lipolysis « 
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Martin  et  al,   (210 ) ,  in  194-0,  foxind  that  storage  of  milk  samples  in 
partially  filled  bottles  strongly  favored  the  development  of  rancid  flavors 
as  compared  with  the  development  in  full  bottles. 

Gould  (114.) ,  in  J940,  ghowed  thaj  rav/  milk  heated  momentarily  and  homogen- 
ized at  70  ,  105  ,  125  ,  135  ,  and  145       -underwent  lipolysis  in  every  case, 
the  greatest  lipolytic  activity  occurring  in  the  temperature  zone  of  IO5 
to  125^      ,  inclusive,  and  very  little  occurring  at  70°  and  145°  F. 

In  1941 ,  Gould  (llg)  reported  that  lipolysis  in  homogenized  raw  milk 
was  not  affected  in  all  cases  by  the  same  factors  (not  inhibited  by  copper 
or  formalin,  lipolysis  not  acconpejiied  by  oxidation)  which  had  been  found  to 
influence  the  rate  of  fat  splitting  in  normal  milk.    He  stated  that  isfhether 
these  variations  were  due  to  different  lipases  or  to  physical  or  physico- 
chemical  changes  involving  the  fat  globules  had  yet  to  be  definitely  deter- 
mined. 

Larsen  et  al.   (I88) ,  in  1941 ^  found  thai  rancidity  developed  readily 
in  mixtures  of  milk  composed  of  (l)  uniiomogenized  raw  milk  and  homogenized 
pasteurized  milk,   (2)  homogenized  milk  and  homogenized  pasteu-rized  milk, 
and  (3)  unhomogenized  rav/  milk  and  homogenized  rav;  milk.     These  authors 
reported  that  the  development  of  rancidity  appeared  to  be  equally  der^endent 
on  the  amount  of  lipase  present  and  the  amount  of  acceleration  afforded  by 
the  newly  created  surfaces. 

Trout  and  Scheid  (304) ^  in  1941,  demonstrated  that  milk  tempered  24 
hours  at  40°  F.  and  then  hom.ogenized  under  5,000  pounds  pressure  at  4O0 , 
60°,  80°,  100°,  120°,  and  140°F.  developed  rancidity  at  the  80°,  100°,  and. 
120°Fo  exposures  but  not  at  exposures  above  or  below  those  temperatures, 

Krukovsky  and  Herrington  (183) ^  in  1942,  reported  the  relationship  be- 
tween the  judges^  scores  and  the  "acid  degrees"  (free  acids  in  fat)  of  raw 
milk  within  a  few  hours  after  milking.     The  data  indicated  a  threshold  value 
for  the  recognition  of  rancidity  at  acid-degrees  near  0»8.     The  data  also 
indicated  that  very  slight  degrees  of  lipolysis  might  influence  a  Judge's 
score  without  his  being  aware  01  the  reason.    Herrington  and  Krukovsky  (l53) 
reported  that  the  rate  of  lipolysis  in  milk  stored  at  low  temperatures  depended 
on  the  rate  at  which  the  milk  was  cooled  before  the  storage  period.  To 
obtain  a  minimum  of  lipolysis,  it  was  found  that  the  cooling  time  should  be 
reduced  to  a  few  seconds.     These  authors  reported  a  criticial  temperature 
range  (O^C.  natural  milk,  10°G.  tempera. ture^activa ted  milk,  to  20^  to  25°G. 
for  both  milks)  in  which  the  rate  of  cooling  was  most  important* 

Tarassuk  (278),  in  1942,  stated  that  rancidity  in  milk  could  come  about 
from  two  different  sets  of  conditions,  as  follows:     (l)  Induced  rancidity, 
resulting  from  faulty  processing  and  leading  to  activation  of  one  kind  of 
lipase  which  apoeared  to  be  present  in  all  ve\j  supplies  of  milk;  and  (2) 
spontaneous  rancidity,  resulting  from  the  presence  of  a  naturally  active 
lipase  in  high  concentrations,  occurring  in  milk  of  late  lactation.  He 
reported  the  causes  of  induced  rancidity  to  be:     (l)  Prolonged  and  violent 
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agitation  of  warn  milk  (2)  warming  precooled  milk  to  approximately  86    F.  and 
cooling  again  to  below  50    F. ;  and  (3)  homogenization.     He  stated  spontaneous  rancidity 
could  b9  prevented  by  immediate  mixing  of  two  parts  of  normal  milk  to  one  part  of 
"lipase  milk* " 

Gould  (ll6) ^  in  1942,  reported  that  low  pH  values  adversely  and  permanently 
affected  lipase  activity*    He  found  that  milk  lipase  was  a  nonspecific  fat-splitting 
enzyme  capable  of  producing  lipolysis  on  a  wide  variety  of  fatty  substrates  under 
favorable  conditions.    He  also  found  that  homogenization  created  a  condition  which 

, i     greatly  enhanced  lipolysis  as  produced  by  pancreatic  extract, 

!■  I 

I  I  Hlynka  and  Hood  (lg7)  ^  in  19/i2,  concluded  that  milk  having  a  low  surface 

tension  after  holding  at  5^  G.  would,  other  things  being  equal,  have  a  less  desirable 
odor  than  milk  having  a  high  surface  tension.     They  stated  that  since  surface  ten- 
sion was  related  to  lipase  activity  and  odor  was  a  component  of  flavor,  therefore, 
the  flavor  of  milk  was  related  to  its  lipase  activity.     The  flavor  sequence  of  a 
mildly  and  pleasantly  cowy  flavor  in  fresh  drawn  milk  to  a  strong  cowy  flavor, 
and  finally  to  a  rancid  flavor  was  stated  by  the  authors  to  be  supported  by  their 
results  on  a  study  of  the  relation  of  the  milk  lipase  to  milk  flavor  in  normal 
milko 

Castell  (^),  in  1942,  showed  that  the  addition  of  anmonia  accelerated  the 
production  of  rancidity  in  milk  as  indie z ted  by  the  development  of  a  typical  butjrric 
acidlike,  rancid  flavor,  and  the  reduction  of  surface  tension  v/hen  held  at  5^  G„ 
However,  it  was  stated  that  from  the  results  obtained  it  seemed  doubtful,  except 
in  very  extreme  cases  if  the  concentration  of  aiiiraonia  in  the  atmosphere  of  the  barn 
where  cows  were  being  milked  would  ever  be  a  major  factor  causing  laicidity  to  develop 
^     in  the  milk  or  cream. 

Tarasbuk  and  Henderson  (279) ^  in  1942,  found  that  the  development  of 
hydrolytic  rancidity  in  raw  milk  by  a  naturally  active  lipase  present  in  high  con- 
centration couLd  be  successfully  prevented  by  mixing  with  3  parts  of  normal  milk 
within  an  hour  after  milking.     They  stated  that  when  a  milk  containing  a  naturally 
active  lipase  was  allowed  after  cooling  to  age  separately  and  thus  to  become 
rancid,  then  the  addition  of  very  small  amounts  of  this  milk  to  a  normal  supply 
would  impart  the  rancid  flavor  to  the  v/hole  mixture, 

jjii 

'  '  In  1944?  Caould  (117)  reported  that  raw  milk  homogenized  at  700  pounds  pres- 

sure was  usually  rancid  when  the  acid  degree  of  the  fat  was  within  the  range  of 
1  ,5  to  2o0o    He  found  that  fat  obtained  from  rancid  milk  and  with  acid  degrees 
as  high  as  11,5  did  not  itself  possess  a  rancid  flavor  nor  did  it  produce  a 
rancid  flavor  when  homogenized  into  pasteurized  skim  milk.    He  stated  that 
free  fatty  acids  in  butterfat  which  was  obtained  by  churning  were  not  respon- 
sible for  the  typical  rancid  flavor  of  dairy  products. 

Roberts  and  Wylie  (256) ,  in  1945 >  stated  that  the  enzyme  lipase,  a  normal 
tij,     constituent  of  cow's  milk,  broke  down  the  fat  into  compounds  which  had  a  pronounced 
ip     odor  and  flavor  giving  the  characteristic  rancid  flavor  to  milk.    They  found  little 
;!f     trouble  with  this  off -flavor  when  cows  were  on  pasture  or  had  just  freshened  because 
the  vc'lume  of  milk  was  very  large  in  proportion  to  the  enz;^Tiie  content.     Tlie  proportion 
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of  lipase  increased  as  the  quantity  of  milk  decreased.     They  stated  that  it 
i/as  this  condition,  and  not  something  the  cows  ate,  that  caused  the  off-flavor 
to  occur  more  often  during  the.  fall  and  winter*    They  recommended  controlling 
the  enzyrae*  as  follows (l)  If  near  the  end  of  the  lactation  period,  dry  the 
cot^  up  I  (2;  mix  off -flavor  milk,  while  it  is  .still  warm,  with  the  warm  milk 
from  two  or  more  fresh  cows  or  cows  whose  milk  is  still  normal  in  flavor;  and 
(3)  heat  the  fresh  milk  to  14-3^  F.  for  30  minutes. 

Kelly  (175)  ^  in  194-5 ^  reported  that  when  samples  of  milk  yere  collected 
at  frequent  intervals  from  open  cows,  the  data  showed  a  definite  relationship 
between  the  estrus  cycle  and  the  lipase  activity^ 

Moore  and  Trout  (21     ,    in  194-6,  reported  that  40^  F,  storage  of  homogenized 
milk  contaminated  with  raw  milk  increased  the  titratable  acidity,  decreased  the 
pH,  and  developed  rancidity  in  the  milk«    It  was  found  that,  in  general,  at 
24-  hours  storage  it  took  at  least  4  percent  raw  milk  before  rancidity  could  be 
detected  by  taste  and  smell.     This  amount  was  dependent  on  length  of  storage 
but  in  no  case  could  organoleptic  examination  detect  the  addition  of  O«.l-peroent 
raw  milk  when  the  m.ixtures  were  held  7  days  at  4CP  F, 

In  194-^,  Hetrick  and  Tra,cy  (15 A)    reported  that  at  145°  approximately 
one-third  the  time  was  required  to  inactivate  the  lipase  in  milk  as  that  re- 
quired to  inactivate  the  phosphatase  enzyme,  but  at  1^5^  F,  the  same  time  was 
required  to  inactivate  both  enzymes.    They  found  that  the  time  required  at 
any  temperature  to  inactivate  lipase  varied  v/ith  the  rate  of  heating  to  and 
cooling  from  the  holding  temperature ♦ 

Tarassuk  and  Jack  (280),  in  1949,  stated  that  lipolytic  flavors  resulted 
from  the  presence  of  free  fatty  acids  from  butyric  to  myristic,  and  that  there 
was  more  than  one  hydrolytic  enz^'me.    They  reported  that  hydrolysis  was  caused 
by  two  distinct  sets  of  conditions.    It  might  result  from  certain  specific 
treatments  of  raw  milk  such  as  homogenization,  violent  shaking  of  warm  milk, 
and  warning  of  precooled  milk  to  about  30^  G.  and  cooling  again  below  10*^  G, 
Such  treatments  result  in  the  activation  of  lipase,  an  enz;^nne  or  a  group  of 
enzymes  present  in  raw  milk»    It  might  also  result  from  natural  lipolytically 
active  milk  usually  from  cows  late  in  lactation  and  on  dry  feed,  as  in 
winter.     In  such  milk,  spontaneous  lipolysis  was  initiated  by  cooling*  These 
authors  reported  that^  according  to  the  data,  the  lipase  of  naturally  lipolytically 
active  milk  was  present  in  milk  plasma  prior  to  cooling,.     By  cooling  the  milk, 
they  stated  that  the  lipase  was  irreversibly  adsorbed  on  the  fat  gloljules, 
and  the  lipolysis  began  immediately  upon  the  adsorption. 

In  1950,  Weinstein  and  Trout  (gl^)  concluded  that  milk  from  Ayrshire, 
Brown  Swiss,  Guernsey,  Holstein,  or  Jersey  covjs  was  equally  susceptible  to 
rancidity  when  the  milk  v/as  homogenized.     They  found  low-fat  m.ilk  and  milk  with 
low  initial  titratable  acidity  to  become  rancid  upon  homogenization  as  readily 
as  did  high-fat  milk  and  milk  with  high  initial  titratable  acidity «  Storage 
of  milk  at  40°F,  for  24  hours  prior  to  homogenization  was  found  to  have  no 
appreciable  effect  on  homogenization-induced  lipolysis. 
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Herrington  (142.)  >    ^-■'^  1950^  oresanted  a  r-Gview  of  litorature  on  the  enzjaiie  j 
lipaBGa     This  re^/iav  included  tho  work  that  had  bsen  done  to  reduce  lipaso  activity 
in  riilk;  methods  of  measuring:  lipase  action;  mathods  of  inactivating-  milk  lipase 5 
differences  in  lipase  action^  differences  in  natural  rilks;  and  "iiie  practical  im- 
portance of  lipase.    The  author  added  his  visys  as  each  section  cf  the  subject  was 
re'^n.eyedo    Part  of  his  concludine:  stat9i;iants  yere  as  follows  J     It  is  the  products 
of  lipase  action  v/hich  are  objectionable,  noT  the  lipase  itself.     iCLl  samples  of 
ray  milk  contain  lipase  though  in  many  case;^  ±t  ^ppe^i.rs  to  do  no  hamo  The 
retbods  by  which  milk  is  handled;,  the  accideirt^J  -^iCtiv:: tion  of  the  lipase  pres-- 
?-et;j  is  often  of  much  more  importance  than  variations  in  th-j  amount  of  enzjrae 
present.    Mu.ch  trouble  migiit  be  avoided  if  more  attention  were  paid  to  the  danger 
of  activating  lipase  by  temperature  changes  or  by  agitation  prior  to  pasteurizatio-n, 
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VIII. ~ BAG TilRIAL  FLAVORS 

It  is  /^en^rally  reco/j;riised  that  the  noi^Tial  souring  of  milk  is  the  re- 
sult of  the  action  of  Strepto coccus  1  ac ti_s_ ,  on  the  lactose ^  vi* lactic  acid 
as  a  breakdown  product.     Tlie  conditions  that  9ncourac;e  the  growth  of  S.  1  ac t j s ? 
means  of  controlling  its  grov/thj  and  the  resultant  sour  flavor  and  odor  in 
high-acid  milk  and  pi-oducts  made  from  such  milk  are  also  generally  known  and 
accepted.     Therefore^  the  v/ork  concerning  these  factors  is  not  discussed  in  this 
piiblicatlon. 

In  1897,  l^issell  (262)  reported  that  he  isolated  a  pure  lactic  acid 
organism  that  -developed  in  milk  a  taste  as  hitter  as  gall. 

Guthrie  (128 ) ,    in  1916,  stated  that  bacteria  c  juJ.d  cause  metallic 
flavor.     He  attributed  the  flavor  development  to  a  m.ember  or  strain  of  the 
Bacterium  lg/g'"ls  acidi  group. 

Hammer  (ij^) ,  in  1921,  found  that  an  off -flavor  in  milk  that  had  been 
thought  to  be  a  feed  flavor  was  in  realitj^  due  to  the  grov.'th  of  a  certain 
ml  c  r  o  -o  r  gc.ni  sm . 

Snell  (272),  in  1921,  stated  that  fruity  flavors  in  milk  were  bacterial 
in  origin,  and  that  the  bacteri.  ^^ere  carried  into  the  milk  throu.gh  the  m.edium 
of  dust  and  dirt. 

HaiTimer  and  Clordes  (126),  in  1921,  determined  that  the  caramel  flavor 
in  milk  and  its  products  was  caused  by  Streptococcus  lactis  var ,  mal ti gene s . 
These  authors  reported  that  the  flavor  could  be  readily  produced  by  inoculat- 
ing the  organism  into  milk  or  cream. 

In  1928,  Kelly  (l74)  isolated  caramel  flavor-producing  strains  of  bac- 
teria from  samples  of  milk  rejected  for  having  a  cooked  (caramel)  flavor. 
Four  strains  v;ere  clas.'jified  as  variants  of  Streptococcus  lactis ♦ 

Sadler  (26/J,  in  1929,  reported  isolating  t-./o  strains  of  organism^s  from 
Sciinples  of  milk  that  had  a  disagreeable  and  undesirable  flavor.  Pure  cultures 
of  the  or,  anisms  produced  a  flat,  insipid,  yeasty,  dough  flavor  in  mi.lk. 

Sadler  et  al,   (265)  .    in  1929,  found  a  reported  feed  flavor  in  rndlk  to 
be  caused  by  specific  strains  of  aerobic  (coli-aerogenes)  gas-producing  bac- 
teria.    Tlie  so-called  feed  flavor  was  associated  vdth  a  penetrating,  nauseat- 
ing, "stable  odor"  of  the  milk.  The  causative  organism  vjhq  found  to  l^e  of 
the  aero  genes  group  and  was  isolated  froj;i  corn  silage. 

In  1930,  Ne\jT;ian  (222)  determined  that  the  bitter  flavor  in  three  samples 
of  mdlk  from  widely  sepL.rated  areas  v/as  caused  by  or --'^--^^ isms  of  the  nserdomonas 
group.     The  organisms  v/ere  reported  to  grow  at  low  or  reduced  tempera- 
tures and  to  be  normally  present  in  soil  and  a/ater  w-.^xo  ^arigation  was  ^jracticede 
Proper  sterilization  of  equi'oment    fter  washing  \:as  stated  as  a  simple  and 
effective  preventive  measure. 


A/ 

Tracy  and  fejasey  (29.4)  .  in  1931,  showed  that  an  objectionable  malt  flavor 
in  milk  might  be  caused  by  the  action  of  a  micrococcus  of  the  aureus  type*, 
It  vjas  found  that  yhen  an  organism  of  the  B,  suMlli^  group  was  also  present 
a  much  more  pronounced  malt  flavor  resulted.     Tlio  presence  of  acid-forming  bac- 
teria was  found  to  retard  the  developm.ent  of  the  flavor.     The  malt  flavor 
do'^reloped  most  rapidly  at  85^  to  100°  Ph  ,  although  a  more  characteristic  flavor 
was  noted  at  68°  F,     In  milk  held  at.  6CP  F.  for  3  days  the  off-fla\'or  failed  to 
develop « 

In  1933,  T}iu.rston  and  Olson  (282.)    found  that  pasteurised  milk  stored  at 
36°  to  1^0^  F.  had  little  bacterial  growth  and  had  developed  oxidj,zed  flavor  and 
that  a  sam:ole  of  the  sane  supply  of  miilk  stored  at  $2°  to  56°  F,  had  considerable 
bacterial  groi^rth  and  had  not  developed  the  oxidized  flavor^     Tlie  fact  that  bacterial 
growth  retarded  the  develcpmont  of  oxidized  flavor  had  also  been  reported  by  other 
workers  (67,  74,  121.,  I41/  189.  .211.,  and  29i)  as  noted  under  Oxidized  Fla-^r. 

Leitch  (191) ,  in  1934,  reported  that  organisms  responsible  for  the  burnt 
fla\"or  in  milk  were  frequently  of  internal  origin  and  were  present  in  the  milk 
before  it  left  the  udder o  'Eie  organism  v/as  determined  to  be  of  the  lactic  acid 
coccus  type  and  to  have  the  same  m.orphological  and  cultural  characteristics  as 
§4.  iS^iO^  with  the  ex;; option  of  its  faculty  to  impart  the  bi;rnt  flavor  to  milk, 
Iha  flavor  appeared  after  18  to  24  hours  in  a  warm  atmosphere*  Heating  freshly 
j.rawn  milk  to  142°  F.  for  30  manutes  prevented  the  development  of  the  off -flavor, 

Bryan  and  Trout  (^)  5  in  1935,  reported  that  the  flavor  of  samples  of  mastitis 
milk  resulting  from  strop tococci  ii-fection  was  salty  in  the  majority  of  caseso 

Davis  et  alo  (72.)?  1939.9  found  that  only  the  faecal  streptococci  (S^  f aeccdis, 
and  S.  liquef acieus)  '^■roduced  considerable  quantities  of  diacetyl  which  was  recognized 
to  be  responsible  for  part  of  the  arom.a  of  dairy  productso 

In  1943,  Glaydon  (^)  isolated  Ao  aero  genes,  from  samples  of  bottled  milk 
having  a  medicinal  flavor o    The  isolated  organism  readily  reproduced  tbe  off- flavor 
in  pasteurized  and  sterilized  milk.    Improved  sanitarj^  procedures  controlled  the 
defects 
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IX .  ~  G  HMI  GAL  FLAVORS 

The  recognition  in  1895  (l)  that  drugs  may  be  transinitted  through  the 
bodv  of  the  cow  into  the  milk  has  made  it  necessary  to  ^^uard  against  this 
possible'  source  of  off-flavors.    The  increased  use  of  cheraical  cleaners  and 
chemical  sanitizers  on  the  dairy  farm  and  in  the  dairy  plant  has  incroased 
the  possibility  of  off-flavored  milk  due  to  chsnicals.     Pbrtrrately,  proper 
usage  of  drugs  and  chemicals  minimizes  tho  p^^zsibla  contamination  cf  the  milk 
and  chemical  or  medicinal  off-fla-^ors  have  not  b3en  a  s:3rious  problem^ 

In  1931,  Tracy  and  Ruehe  (226)     stated  that  in  no  case  should  the 
chlorine  sterilizers  used  on  farm  and  milk  plant  oruipment  be  added  directly 
to  tlie  milk.     Thej"  recommended  that  all  u:ensils  and  ^iquipmsnt  treated 
with  clilcrine  sterilizers  be  rinsed  with  uncontaminated  \:ater  before  adding 
the  milk.    Otherivise,  they  cautioned,  puckery,  unclean or  medicinsd 
flavors  mdght  develop.    The  odor  and  flaTOr  of  phenol,  v/hsn  present  in  milk^ 
was  reported  to  be  greatly  intensified  by  the  presence  of  chlorine  in  the 
form  of  sodium  hypochlorite,    Tracy  (293) «  in  1936,  again  reported  that 
small  amounts  of  phenol  might  not  cause  serious  flavor  diff ic-clties  but 
that,  if  chlorine  were  used  on  farm  utensils,  the  phenol  flavor  v/ould  be  in- 
tensified manyfold. 

Paley  (228),    in  19^42,  reported  a  case  of  ior'-^'.ne  taste  in  r.ilk  caused 
by  cbfLorine  m_aterial  in  the  pipelines  and  in  the  filler  bowl.     Pne  first 
milk  over  the  equipment  "had  the  iodine  flavor. 

In  194-2,  LindqiList  (192)    reported  that  milk  from,  cows  treated  for 
suppurative  inflammations  by  introducing  iodoform  preparation^  into  the 
uterus  must  be  excluded  from  the  regnlar  milk  supply  if  the  flavor  was  to  be 
avoided  in  the  milk.    He  found  that  the  length  of  time  the  iodoform  would 
be  secreted  in  the  milk  by  cows  so  treated  varied  because  of  individual 
characteristics  and  no  time  limit  could  be  -elied  on  as  a  sure  means  of  pre- 
venting the  occurrence  of  the  flavoro    Taste  alone  x^as  stated  to  be  the  deter 
mdning  iactor«    One  cow's  milk  could  taint  100  to  200  gcllons  of  mixed  milk. 

Nelson  (220j ,    in  19^3 ^  reported  that  a  foreign  flavor  in  raw  milk 
due  to  feed  contaminated  witn  par adlch.'^oro benzene  intensified  during  a  56- 
hour  storage  period  at  3S^  Fo    Pasteurization  did  not  eliminate  the  off- 
flavor  but  it  did  not  intensify  as  much  in  pasteurized  milk  during  storage 
as  it  did  in  the  corresponding  raw  milk. 

Mull  and  Fouts  (21g) ,  in  1947,  added  Ibccal  to  two  series  of  500-- 
milliliter  portions  of  milk  in  sijifficient  quantities  to  yield  0,  5,  10,  15, 
20,  25,  30,  35,  40,  45?  and  50  parts  per  million  of  Roccal,    One  series  of 
samples  was  pasteurized  immediately  at  143*^  F.  for  30  m.in,  and  cooled  to  50 
Both  the  raw  and  pasteurized  series  of  sar'iples  were  tasted  jjnmediately  to 
determine  the  concentration  of  Hoccal  necessary  in  milk  to  produce  a  flavor 
that  co-old  be  detected  by  experienced  milk  judges.    Roccal  in  milk  was 
detected  by  taste  when  10  parts  per  million  were  present.    The  milk  at  this 
point  had  a  slight  puckery  flaanor  v/hich  increased  in  intensity  to  a  slight 
bitterness  at  20  parts  per  md.llion  and  to  a  very  bitter  flai^or  at  40  parts 
per  million* 
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Lindquist  and  Donaldson  (122)  ?  '^'^  194^^  determined  that  a  bitter  taste 
developed  in  the  milk  when  a  cow  was  fed  potatoes  from  fields  treated  with  benzene 
hazacblo ride •    The  first  noticeable  decrease  in  the  off -flavor  was  noted  5  days 
after  the  feeding  of  the  potatoes  was  discontinued,  but  12  days  elapsed  before 
the  milk  appeared  normal  and  did  not  leave  a  bitter  taste  in  the  mouthy 
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X,"MISCELI^Ki£:^lJS  FLMOm 

Thora  are  somo  flavors  end  lacturs  c  .n'.ributing  to  xlr„vor  of  milk  that 
have  not  received  nc^jor  conaidere. ticn  b  t  :d:ve  L3^n  noted  ''r  the  literature. 
These  flc:.vors  and  factors  are  covered  -iin'or  the  headings  that  follow: 

■Absorbed 

In  1900,  Harding  et  al,   (jJ£))  o":..  ted  ^  thct  vile  odors  absorbed  after 
the  mill-:  had  >ieen  drai;:-.  uas  a  ver^.-  i-e..l  .'ar^oi-  that  for  the  nosb  part  had 
been  entirely  overlooked. 

Marshall  (gOS) ,  in  1902,  stated  that  by  the  interchange  of  gases  be- 
tween air  and  nilk  there  uas  a  great  opyortrnity  offered  for  the  absorption 
of  noxious  gases  by  the  nilk  unless  the  interchange  took  place  in  absolutely 
pure  air. 

Braeckner  (42.)?  i^-'^-  1939,  stated  th...t  on  nmerous  occasions  he  had 
placed  good-flavored  milk  in  a  silo  overrdght,     Tae  nilk  renained  good 
flavored. 

Trout  and  HcMilJ.an  (202),  in  1943,  ei^r-osed  samples  of  heated, 
bono geni zed,  pasteurized,  and  raw  milk  at  50^  and  lOO'--'  F.  to  saturated  atmos- 
pheres of  various  odoriferous  substrnces  from  15  to,  90  minutes.    Samples  were 
examined  for  odors  after  e^q^osure  and  after  a  24.~hour  interval.     The  results 
indicated  thr.t  the  different  milks  varied  someid^^.t  in  their  absorptive  capacity 
to  talre  up  the  odoriferous  substances,  raw  and  pasteurised  milk  being  slightly 
more  susceptible  to  odors  than  homogenized  and  heated  mdlk  wherein  creaming 
was  inhibited.     Absorption  ci  odors  was  slightly/-  gre...ter  vhen  the  fat  was  in 
a  liquid  state,  but  occurred  a]. so  when  the  fat  was  in  a  solid  state.  Absorp- 
tion of  odors  appeared  to  be  largely  a  surface  nroblem,  the  absorbed  odors 
being  confined  largely  to  tlie  uo;ier  10  percent  of  a  10- gallon  can  of  milkc. 
'iAfhen  this  milk  was  thoroughly  m.ixed,  the  odor  of  the  substance  to  which  the 
milk  i;as  exposed  conld  not  be  identified.  As  the  time  of  exposure  and  the 
ter.perature  of  the  milk  vj^re  increased,  the  absorbed  odor  becaiiie  more  in- 
tense.    V/aen  fresh,  vjam  nilk  was  exposed  to  numerous  surroundings  in  and 
associated  v/iUi  the  dairy  stable,  o.'h'-odors  v/ere  rarely  encountered  except 
when  the  milk  was  exposed  within  the  silo  oi-  uhen  .foreign  natter  actually 
fell  into  the  nilko     Tlie  authors  concluded  that  the  possibility  of  direct 
absorption  of  odors  from  the  air  by  nilk  after  being  drawn  and  before  rem.0T/al 
from  the  stable  i/ould  seem  to  have  been  very  much  over-em'"^hasized. 

Biibcock  (20)^  in  1951,  reported  that  when  mdlk  at  ^O^and  90^  F.  was 
placed  in  open  containers  in  a  refrigerator  containing  freshxy  sliced  onions, 
an  onion  flavor  could  not  be  detected,  after  2^  hours,  in  the  milk  that  was 
cold  whereas  it  vjas  readily  identified  in  the  milk  that  was  warm  at  the  time 
it  was  placed  in  the  refrigerator.  Tl:ie  author  stated  that  the  absorption  of 
odors  as  a  source  of  ^.bnorTiial  flavors  inrdlk.had  nrobably  been  over-emphasized. 


Acidosis,  I-etcGia 

In  1937j;  Earkv/crth  and  Cole  (22.)  :]tatGd  bra.t  ■<'-:.t-rinaid  anc  had  a;:;sisted 
in  explaining  one  caviss  cf  taint  in  rilk  Ir*  she^rinr;  that  in  cases  of  cows  suffer- 
ing  from  acidosis  tho  h^-dy  fluids,  i-:cludln,v  tho  iiilk,  contain  acetone  ajid 
acetone  bodies.     Th.o  taint  re  stilting*  from  the  acetone  and  acetone  l-'odloij  offered 
an  explanation  of  man^'  cases  where  the  rdllc  v-as  mildly  but ,   bo  a  skilled 
palate,  definitely  of  ribnonnal  flavor»t 

Shay  (270),  in  19.;.6,  repca  oed  th  ...  -Xa  d.^  n  tl  ax^r  a.  s  i  .a.  v  ted  to 
the  nilk  of  cows  with  katosis.  He  at:abed  t'aat  in  ;aov  ■  c.....a:s  :.f  hi^toriis^ 
when  the  iiil]:  w.i.s  not  rd;-:ed  with  that  frcj.i  other  cows,  the  sweetish,  flr.vor 
of  acetone   joald  he  dete3  bed  ra..  dily  hy  nost  people. 

Kncdt  (175),  in  19:^0,  found  th:.t  the  --ii:-  n--'odi:ced  by  cows  wiUi 
vailc\;.s  stages  '     hatosis  : light  ha-^-e      typical  ''c owy "  or  ''feed'*  flavor  depend- 
ing on  the  amount  of  ketone  bodies  which  had  paswoU  from  the  blood  into  the 
milk. 

i^tivated 

In  1930,  Weclrel  ot  al»   (^ill)  d  •jmonstrated  that  an  aniis".  al  aQa^'or  Blight 
be  Lnduced  in  x'dlk  when  it  \rc.z  suTficiently  expo cQd  t-o  radj  •.  tion  Lr;  nsrltted 
through  either  quarts  or  glass,     Iladiation  f x*o:.:  an  infraa-.;i  .1  c-.r.\.;  did  net 
prodace  the  off-flavor^     Radiation  of  wave  lengt'-i  3100  to  3C'0:         x/as  probably 
responsible  for  the  production  cf  activ..ted  flavor,  •  Sxp  riments  showed  that 
the  flavor  originated  in,  and  w.'-,s  closely  associated  vdth,  the  p  "otein  fraction 
of  the  milk  (particularly  the  albumin,  but  also  the  casein).     It  was  stated 
tViat  it  might  be  found  in  the  fat  but  only  because  it  v/as  readily  absorbed 
from  the  proteins .    Irradiated  cream  recombined  with  nonirradiated  skim  milk 
produced  a  reconstituted  milk  vith  antirachitic  potency  and  relatively-  free 
froFi  activated  flavor. 

Weckel  and  Jackson  (310 ),  in  1936,  and  Flake  et  al,   (gl),  in  1939, 
reported  additional  irXoirn-L  tion  on  the  activated  flavor^    Tlioy  descrih^^  the 
off -flavor  resulting  from  undue  exposure  to  radiation  to  be  best  ^escribed 
as  ''flat''  in  the  incipient  stc-.ge  and  as  ''burnt,"  ''b'  rnt  feather,    or  ''bumu 
P-a-t  An''  in  the  advanced  st.:^^es.     Their  studies  indicates  that  the  oxidised 
fl:n":r  due  to  the  effect  of  radiant  energy  on  f.^t  \7as  not  similar  to  the 
"activ^^ted''  flavor*      The  activated  flaTror  ariginated  in.  or  was  closely 
associated  v/ith  the  protei]:  traction  a"  ihc  milk.     Taep'  detemi3"ed  that  heat-- 
ing  milk  to   temparntures  aboTe  150*^  to  I60'-'  ?,  ana  ceoi.ing  enhanced  the 
activated  flavor,    Wlien  i.rradiatlon  and  homo,_^;eniS'auicn  were  both  nsed  in 
processing  isilk,  better  results  were  obtained  if  irradiation  na'eceded 
homogenization  * 

In  194c,  Flake  et  al.    (Sg^gO  )  established  a  miethod  for  isolat- 
ing and  concentrating  the  Irdgiu.^  volatile  flavor  and  ouor  material  beiieved 
responsible  for  the  typical  activated  flavor  in  milk.    Analysis  of  the 
material  so  isolated  was  not  possible  bacan.se  of  the  small  cruarti  by  -•: b- 
tsdned,    Th.ese  authors  found  thab  the  results  of  irradiation  .^f    b..  ^mino 


69 


acidfi  indicated  that  cystine,  rriethionine,  tr^rptophane,  and  histidine  rrj.ght 
be  inportant  contrilxitors  to  the  activated  flc^vor, 

Kenney  (l69)  ^  in  194-9,  reported  results  txu.t  indicated  that  the  activated 
flavor  of  excessively  irradiated  Eiilk  and  the  sunlight  flai^or  were  not  formed  in 
a  similar  manner-. 

Chalky 

Moore  and  Trout  (214) ,  in  1947?  reported  a  t^iicl:,  vn  scous  chalky-flavored 
homogenized  milk  was  encountered  in  processing  and  distributing  bottled,  high- 
testing  (4«5  to  Z^.7  percent  fat)  homogenized  m-ilk^    The  defect  was  associated  i-jith 
homogenizing,  folio vdng  -pasteurization  of  vat-cooled  milk  at  a  temperature  around 

ChJo  ride-lactose 

In  1929,  Hoadhouse    and  Kcestler  (255)  reported  that  the  chloride-lactose 
relation  v/as  one  of  the  nost  important  bases  of  milk  taste.    Mlk  samples  with 
a  high  clilo ride-lactose  ratio  were  judged  by  taste  less  favorably  than  those  of 
like  origin  where  the  cbJ-oride-lactose  ratio  was  relatively  Iovj, 

Roadhouse  and  Hende-son  (254) ^  in  1930,  stated  that,  in  general,  the  taste 
score  of  milk  followed  the  trend  of  the  lactose  content,  the  taste  score  lower- 
ing and  rising  as  the  lactose  percent  decreased  and  increased.    It  was  also  noted 
that  there  i;as  a  correlation  between  the  lowering  of  the  taste  score  and  lactose 
percentage  and  an  increase  in  the  chloride  content. 

Color 

Garrett  et  al.   (105) .  in  1939,  reported  a  significant  positive  correlation 
between  the  yellov;  color  and  the  flavor  of  fresiily  drawn  milk  from  individual 
cows. 

Fishy 

Harding  et  al.  (I40.) ,  in  1^00,  found  a  highly  disagreeable  fishy  flavor 
in  the  products  of  a  dairy.    The  defect  was  traced  to  a  single  apparently  healthy 
cow.    Cause  for  the  defect  was  not  determined. 

Freezing 

Reid  (244) ,  in  1927,  added  sterilized  solutions  of  \jash  water,  fly  repellent, 
ragveed,  silage,  alfalfa,  molasses,  onions,  animal  heat,  woody,  oily,  gasoline, 
metallic,  and  feces  to  sajnples  of  fresh  3o7-perGent  milk.     Tlie  sarriples  were  frozen 
at  a  constant  temperature  of  10°  F  .  for  3  hours  and  then  thawed.     It  vjas  found 
that  freezing  intensified  the  flavors. 
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Babcock  (26) ^  in  1925,  and  MacDonald  and  Jacob  (202),  in  1928^  reoort&d 
ttiat  inhalation  of  "the  volatile  snbstaiices  fit^rn,  vild  garlic  produced  a  strong-  ^;:^:,r-- 
lie  fla^r  and  odor  in  ths  milk  in  a  short  tiineo 

In  19/4.2^  Petersen  and  Brereton  (2JJ.)  studied  the  effects  of  -i.ijhaling  the 
odors  from  'bhirteen  substances  on  the  flavor  of  milk.     Inhalation  of  turpentine^ 
paradichlorobenzene,  cai-aohorp  or  vardllin  caused  flavoring  of  -'die  milk  characteristic 
of  each  of  these  compounds.    Inhalation  of  benzaldehyde ,  onion,  and  garlic  caused 
a  change  in  the  flavor  of  the  milk  which  was  not  characteristic  of  the  compound* 
Inhalation  of  odors  from  corn  silage, . alfalfa  silage ,  and  decomposing  manure  produced 
•■^off -flavors"  in  the  m.ilko     Iriialation  of  synthetic  orchid  or  scrapings  of  Roquefort: 
cheese  produced  no  detectable  "off -flavor"  in  milk* 

23£S_£hi2li^ 

In  193 5 5  Thurston  and  Barnhart (286)  reported  that  phospholipids  of  milk 
contributed  to  the  richness  of  flavor  in  milk  products, 

Se^diraent, 

Marquardt  (202),  in  194-6,  demonstrated  that  when  m.ore  than  25  percent., of 
the  railk  received  contained  excss.sive  (No,  4  sediment  disc)  amounts  of  sediment j> 
an  unclean  flavor  developed  in  a  mijced  tank  of  mdlko     Tne  flavor  of  clean  railk 
deteriorated  slower  than  did  unclean  milk  when  subjected  to  4-  to  6-hour  holding 
periods  at  temt^eratures  of  70^  Fo     Ihe  flavor  of  the  milk  was  Improved  as  the 
percentage  of  clean  milk  delivered  was  increasedc 
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